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Editor’s note 
 
 
 Dear scientists, readers and colleagues,, 

 I am delighted to introduce scientific journal „Proceedings of the Faculty of Economics in East 

Sarajevo” (Zbornik radova Ekonomskog fakulteta u Istočnom Sarajevo) one of the best journals in Republic 

of Srpska and Bosnia and Herzegovina in the area of economics and business. The journal was, according to 

the Ministry of Scientific and Technological Development, Higher Education and Information Society 

Republic of Srpska, won 32 out of a possible 40 points, and thus classified in the first category of scientific 

journals. The Journal is indexed in ERIH Plus, Bergen, Norway; Sherpa Romeo – JISC, United Kingdom; 

DOAJ - Directory of Open Access Journals, Hovedstaden, Denmark; ProQuest, Ann Arbor, Michigan, 

U.S.; Google Scholar; EBSCO Publishing, Ipswich; INDEX COPERNICUS International, Warsaw, 

Poland; CABELL′S Directories (Cabell′s Directories of Publishing Opportunities), Texas, USA; 

C.E.E.O.L (Central and Eastern European Online Library), Frankfurt am Main, Germany; BASE (BASE 

– Bielefeld Academic Search Engine), Bielefeld University Library, Germany; JEL (Journal of Economic 

Literature) / EconLite, (American Economic Association’s Electronic Database), Pitsburg, USA; DOI 

Srpska, Banja Luka; CrossRef, Oxford, United Kingdom. 

 This issue contains selected articles presented at the Intenational Scientific Conference ''Jahorina 

business forum'' held at Faculty of Economics Pale on May 26th – 27th, 2026. It is very important to stress 

out that, besides the appropriate level of quality of scientific papers received, the Editorial Board had an 

additional criteria in the process of selecting papers. The focus was on papers the content of which could 

contribute to the theory and practice of local economic development in general.  

This issue of the scientific journal brings together five papers that examine important challenges 

shaping contemporary economies, including green transition, fiscal sustainability, income inequality, 

climate-related financial risks, and rural resilience. Although different in focus and methodology, the 

contributions are connected by a common interest in how transitional, emerging, and vulnerable economies 

adapt to structural changes. The first paper analyzes regional inequalities in the context of Serbia’s green 

transition, showing that vulnerability differs significantly between urban and rural areas and that policy 

measures should reflect specific territorial characteristics. The second paper examines the relationship 

between public debt and unemployment in Southeast Europe, confirming that rising indebtedness is 

positively associated with unemployment and emphasizing the need for balanced fiscal policy. The third 

contribution explores income gaps between advanced, emerging, and developing economies, pointing to 

persistent disparities but also to different growth dynamics among country groups. The fourth paper 

analyzes physical climate risks and banking sector resilience in Montenegro, showing that climate shocks, 

especially floods, can increase non-performing loans and weaken financial stability. The final paper focuses 

on agrobiodiversity and rural resilience in Northern Albania, demonstrating that biodiversity, farm 

culture, rural heritage, and tourism participation can strengthen economic performance and reduce 

migration pressures.Taken together, these studies show that economic resilience increasingly depends on 

the ability to connect environmental sustainability, fiscal responsibility, financial stability, territorial 



development, and local resources. This issue therefore offers a multidimensional perspective on the 

development challenges and opportunities facing contemporary economies. 

The papers refer to the broad area of economic science, and their main prerequisites are scientific 

contributions to economic theory and practice. The papers can be of theoretical and methodological-

analytical nature, and may include areas ranging from national economic policies to business policy. 

Manuscripts are written in English language.Needless to say, any papers that you wish to submit, either 

individually or collaboratively, are much appreciated and will make a substantial contribution to the early 

development and success of the journal. Best wishes and thank you in advance for your contribution to the 

scientific journal „Proceedings of the Faculty of Economics in East Sarajevo”. 

 

Editor-in-Chief 

Dr Nemanja Šarenac 
Associate Professor 
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GREEN TRANSITION AND REGIONAL INEQUALITIES: AN ANALYSIS OF 
THE VULNERABILITY OF URBAN AND RURAL REGIONS IN SERBIA 

 
ЗЕЛЕНА ТРАНЗИЦИЈА И РЕГИОНАЛНЕ НЕЈЕДНАКОСТИ: АНАЛИЗА 

РАЊИВОСТИ УРБАНИХ И РУРАЛНИХ ПОДРУЧЈА У СРБИЈИ 
 

 
Summary: The green transition, as a conceptual and 
strategic approach aimed at decarbonizing national 
economies, reducing social inequalities, and 
preserving natural capital, entails numerous economic 
and social effects in both developed and developing 

countries. These impacts are particularly pronounced 
at lower territorial levels, meaning that regions 
characterized by energy- and carbon-intensive 
activities, as well as those with lower economic 
diversification and unfavourable demographic 
characteristics, face greater vulnerability to the 
structural changes associated with the green 
transition. Taking these considerations into account, 
this paper examines regional inequalities in the context 

of the green transition in the Republic of Serbia. Its 
main objective is to assess whether differences in 
vulnerability exist between more and less developed 
regions, as well as between urban and rural areas, and 
to identify the potential drivers of such disparities. The 
analysis is based on the construction and application 
of a composite Regional Green Transition 
Vulnerability Index for Serbia at the NUTS 3 level. The 

index is developed using Principal Component 
Analysis (PCA) and draws on sectoral indicators 
covering energy, housing, transport, mining, 
agriculture, and tourism for 2023. The findings reveal 
pronounced territorial disparities and underscore the 
need to design green transition policies in a way that 
best reflects identified regional specificities. 
Keywords: green transition, regional vulnerability, 

urban regions, rural regions, NUTS 3, Serbia. 
JEL Classification: R58, O18, Q56 

Резиме: Зелена транзиција, као концептуални и 
стратешки приступ усмерен ка декарбонизацији 
националних економија, смањењу социјалних неједнакости 
и очувању природног капитала, има за последицу бројне 
економске и друштвене ефекте како у развијеним, тако и 

у земљама у развоју. Поменути утицаји посебно су 
изражени на нижим територијалним нивоима, тако да 
регионима у којима су заступљене енергетски и карбонски 
интензивне делатности, као и онима са слабијом еко-
номском диверзификацијом и неповољним демогра-фским 
карактеристикама, прети већа рањивост на промене које 
са собом доноси зелена транзиција. Имајући све наведено у 
виду, предмет рада је анализа регионалних неједнакости у 
контексту зелене транзиције у Републици Србији. Циљ 

рада је да се утврди постојање разлика у рањивости 
између развијених и неразвијених региона, односно између 
урбаних и руралних подручја, те да се идентификују 
њихови потенцијални узроци. Анализа се заснива на 
примени композитног Регионалног индекса рањивости на 
зелену транзицију у Републици Србији на NUTS 3 нивоу. 
Поменути индикатор је конструисан применом методе 
главних компоненти (Principal Component Analysis – PCA), 

на основу секторских показа-теља (енергетика, 
становање, саобраћај, рударство, пољопривреда и 
туризам) за 2023. годину. Резултати истраживања 
указују на присуство значајних територијалних диспа-
ритета и упућују на потребу дизајнирања мера у оквиру 
зелене транзиције на начин који ће одговарати утврђеним 
регионалним специфичностима. 
Кључне ријечи: зелена транзиција, регионална рањивост, 

урбана подручја, рурална подручја, NUTS 3, Србија 
ЈЕЛ касификација: R58, O18, Q56 
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INTRODUCTION 
 

 One of the greatest challenges facing almost all countries today is the fight against 

climate change. The prevailing view is that global warming is a direct consequence of 

anthropogenic influence and the resulting greenhouse gas (GHG) emissions. Therefore, 

decarbonisation is emerging as an imperative for contemporary society as a whole, with 

Europe standing out over the last two decades in its efforts to reduce harmful gas emissions 

and become the first climate-neutral continent (European Commission 2019). 

The green transition, that is, the shift towards a cleaner economy and behavioural 

models more generally, entails a deep structural transformation of production systems, labour 

markets and spatial patterns of development. In this regard, the expected effects of its 

implementation go beyond the environmental sphere and extend deeply into socio-economic 

and spatial relations. The results of recent studies indicate that measures aimed at 

implementing the green transition do not affect all regions equally; rather, there are 

substantial differences in the “vulnerability” of different types of areas. It is precisely this 

uneven resilience to the changes and new circumstances brought about by the green transition 

that may deepen existing regional inequalities, particularly in territorial units dominated by 

carbon-intensive activities (Rodríguez-Pose and Bartalucci 2024). Bearing in mind that one of 

the fundamental objectives of the EU is balanced regional development and the reduction of 

spatial disparities, there is now a clear understanding that territorial specificities must be taken 

into account when designing green-transition measures and instruments. Existing differences 

between urban and rural areas, between developed and lagging regions, as well as between 

regions with different sectoral structures, point to the need for a territorially sensit ive 

approach (Rodríguez-Pose and Bartalucci 2023; OECD 2025). Analysing these differences is 

an important first step towards understanding the potential risks and opportunities that the 

green transition brings at lower territorial levels. 

In Serbia, territorial differences between urban and rural areas contribute to regions’ 

varying capacity to absorb the effects of green economic transformation. It is necessary to 

examine how specific sectoral factors related to energy, mining, agriculture, transport and 

tourism affect regional vulnerability. This type of analysis points to the possibility of 

classifying regions according to the type of vulnerability and the potential effects of economic 

decarbonisation measures. 
 

 

1. LITERATURE REVIEW 
 

Contemporary literature on the green transition increasingly emphasises its spatial 

dimension. Lars Coenen, Paul Benneworth, and Bernhard Truffer (2012) note that sustainable 

transitions are not spatially neutral processes; rather, their effects are strongly conditioned by 

regional institutional, economic and innovation capacities. A spatial perspective makes it 

possible to better understand how local specificities influence the dynamics of structural 

change. 

In this regard, Rodríguez-Pose and Bartalucci (2024) indicate that the green transition 

may generate “territorial discontent” if its costs and benefits are not evenly distributed. 

Regions with a high concentration of energy-intensive industries, weak diversification of the 

economic structure and limited innovation capacities face a greater risk of job losses and 

economic stagnation. These and similar findings warn that the green transition may deepen 

existing regional disparities. 

The institutional framework of the European Union recognises these challenges. The 

2021 European Commission report (European Commission 2021) on the impact of the 

https://doi.org/10.7251/ZREFIS2632011S
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European Green Deal emphasises that climate and energy policies have different effects 

depending on the regional structure of employment, energy dependence and the level of 

economic development. In addition, a study also prepared for the European Commission 

(Rodríguez-Pose and Bartalucci 2023) developed a methodological framework for measuring 

regional vulnerability and opportunities in the process of the green transition, combining 

economic, social and technological indicators. This approach leads to the conclusion that 

some regions have the potential to benefit from green industrial transformation, whereas 

others are exposed to greater structural risks. 

OECD (2025) introduces the concept of regional resilience in the green transition, 

emphasising the capacity of regions to adapt to shocks and make use of new development 

opportunities. According to this approach, the key factors of resilience are economic 

diversification, the quality of human capital and functional institutions. Regions that lack 

some of these key elements generally face increased vulnerability. 

A particularly important place in the literature is occupied by the analysis of 

differences between urban and rural areas. József Benedek, Tihamér-Tibor Sebestyén and 

Blanka Bartók (2018) indicate that rural regions, especially peripheral ones, have potential for 

the development of renewable energy sources and sustainable forms of production, but that 

their institutional and financial capacities are generally limited. At the same time, the 

European Parliament report on lagging regions highlights the most important structural 

weaknesses that may limit their ability to make use of the advantages offered by the green 

economy (European Parliament, 2020, 46). The first of these is an increasingly pronounced 

decline in industrial production, which leads to mass emigration, including brain drain. There 

are also various challenges related to accepting structural changes, especially in the most 

represented sectors, resulting in low productivity (e.g. agriculture and tourism). Less 

developed regions do not have appropriate conditions and prerequisites for business 

innovation and necessary investment, primarily because of the lack of the infrastructure 

required to support larger-scale production. Finally, less developed and lagging regions face a 

deficit of managerial capacities and quality, which significantly limits their ability to improve 

their research and innovation systems. 

Analysing the development of green industries in different types of regions, Markus 

Grillitsch and Teis Hansen (2019) show that metropolitan areas and industrially diversified 

regions have more favourable conditions for attracting investment and developing innovation 

in the field of green technologies. By contrast, peripheral and rural regions often remain 

dependent on primary activities, which may deepen regional differences under the conditions 

of the green transition. Less developed regions do not possess adequate capacities to absorb 

and integrate green technologies, which constrains their efforts to adapt their economic or 

industrial structure to new requirements. 

The importance of a place-based approach in the implementation of green policies is 

emphasised by Andrea Testi et al. (2023), who develop a participatory and territorially 

sensitive analytical framework for applying the European Green Deal at the local level. Their 

approach starts from the assumption that uniform policies cannot produce equal results in 

different spatial contexts. Similar views are advanced by the European Commission (McCann 

and Soete 2020) in the document “Place-based innovation for sustainability”, which argues 

that sustainable innovations must be aligned with local resources and specificities. 

The strategic document “Blueprint for the development of transition pathway” 

(European Commission 2022) points to the need to coordinate industrial policy and regional 

development in order to ensure a just transition. This approach implies synergy between 

sectoral policies and cohesion instruments in order to avoid the concentration of benefits in 

already developed centres. 

https://doi.org/10.7251/ZREFIS2632011S
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Summarising these contributions, it may be concluded that the literature identifies 

three key aspects of the green transition: (1) its strong spatial dimension and uneven effects 

across regions (Rodríguez-Pose and Bartalucci 2024; Rodríguez-Pose and Bartalucci 2023), 

(2) the risk of deepening regional inequalities, particularly in less developed and rural areas 

(European Parliament 2020; OECD 2025), and (3) the need for a territorially sensitive, place-

based approach to public policy design (Testi et al. 2023; European Commission 2022). The 

green transition is more than a technological or energy-related process. It is a complex 

territorial transformation that requires the mobilisation of local resources, respect for existing 

economic, demographic and social characteristics, as well as tailored policies and innovation 

strategies for different types of regions. 

Although the cited studies are mostly focused on European Union countries, their 

findings have broader implications and point to the need for an empirical analysis of regional 

vulnerability in national contexts marked by pronounced spatial disparities. It is precisely 

within this framework that the analysis of regional inequalities in Serbia is positioned, with 

the aim of applying theoretical concepts and institutional frameworks to the specific territorial 

and economic context of the country. 
 

 

2. DESCRIPTION OF VARIABLES  

 

 The objective of this research is to identify the direct and indirect impacts of the green 

transition in the Republic of Serbia at the NUTS 3 level, and to construct a composite 

Regional Green Transition Vulnerability Index. The basic research question is: What is the 

extent of the differences in vulnerability to the green transition between developed and 

underdeveloped regions, i.e. between urban and rural areas in Serbia? Based on the research 

results, the following hypothesis was tested: If there are significant differences in 

vulnerability to the green transition between urban and rural areas in Serbia, then there are 

key preconditions for designing green-transition measures in a way that corresponds to the 

identified regional specificities. 

 The Regional Green Transition Vulnerability Index is a summary indicator that 

reflects the multidimensionality of the green transition by encompassing its direct and indirect 

impacts. The green transition will have a significant effect on sectors that contribute the most 

to greenhouse gas emissions, namely energy, the agri-food sector, manufacturing industry, 

housing and transport (European Commission 2018). Following studies that have analysed 

vulnerability to the green transition in EU countries, the composite index was constructed on 

the basis of variables that quantify regional specificities and can be grouped into six pillars 

(Rodríguez-Pose and Bartalucci 2024): dependence on fossil fuels, industry, agriculture and 

land use, tourism, energy and  transport. 

Variables associated with the first two pillars quantify direct impacts, whereas 

variables covered by the remaining pillars quantify the indirect impacts of the green 

transition. Regions characterised by high emissions of harmful gases, the presence of heavy 

industry (such as mining) or significant dependence on agriculture are the most vulnerable to 

the green transition because of the need to ensure a gradual shift from fossil fuels to 

renewable energy sources and introduce a carbon dioxide (CO2) emissions tax and an 

emissions trading system. The need for sustainable land use, as well as the use of land for 

renewable energy production, may have a negative impact on the tourism sector. The 

construction of renewable energy infrastructure may significantly reduce the tourism 

attractiveness of rural areas with exceptional natural and overall environmental amenities.  

Data were collected for 25 areas in Serbia, with 2023 selected as the year of 

observation. The statistical data used were available in the database and publications 
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(“Municipalities and Regions in the Republic of Serbia” and “Regional Gross Domestic 

Product, Regions and Areas of the Republic of Serbia”) of the Statistical Office of the 

Republic of Serbia (SORS), as well as in the Meteorological Yearbook - Climatological Data 

of the Republic Hydrometeorological Service of Serbia (RHMS). 

 
Table 1. Descriptive statistics of the initial variables for assessing vulnerability to the green transition 

for 25 areas in Serbia at the NUTS 3 level, 2023 
Variable Mean Min. Max. Std. dev. 

CO2 emissions (agriculture, energy, transport) per 

capita, kt (Gg) 
0.0044 0.0020 0.0131 0.0025 

CO2 emissions (agriculture, energy, transport) per 

km2, kt (Gg) 
0.3966 0.1099 3.3978 0.6398 

Change in CO2 emissions (agriculture, energy, 

transport) per capita, 2012-2023, kt (Gg) 
-0.0002 -0.0146 0.0016 0.0031 

Change in CO2 emissions (agriculture, energy, 
transport) per km2, 2012-2023, kt (Gg) 

-0.0180 -0.7629 0.4180 0.1833 

Total annual gross wages in the mining sector as a 

share of the area’s GVA 
1.0393 0.0032 6.4981 1.4973 

Agricultural sector GVA in relation to total area 

GVA 
8.2788 0.6216 17.1331 4.1128 

Share of employees in agriculture, forestry and 

fishing in total employment, % 
1.6275 0.3075 4.7510 1.0850 

Number of cattle per km2 9.7475 2.4468 20.2541 4.8843 

Tourist arrivals/area GVA 0.7615 0.1412 3.4240 0.8129 

Annual cooling degree days (CDD) 220.64 138 307 41.7412 

Total registered motor vehicles and trailers 82206.88 20882 558063 103932.8 

Source: Authors’ research 

 

Overall, the descriptive statistics confirm that the selected indicators capture different 

channels of territorial exposure to the green transition, including emission intensity, sectoral 

dependence, agricultural structure, tourism activity, transport pressure and climate-related 

demand for cooling. The observed dispersion across minimum and maximum values points to 

pronounced regional differences, which justifies the use of these variables in the subsequent 

assessment of vulnerability at the NUTS 3 level. 

 

3. METHODOLOGY AND RESULTS 

 

In order to test the initial hypothesis, following studies that analyse vulnerability to the 

green transition at the regional level, a composite index was constructed using Principal 

Component Analysis (PCA). As a special case of factor analysis, PCA consists of 

constructing new variables, expressed as linear combinations of the original independent 

variables, which are mutually orthogonal (Jovičić and Dragutinović Mitrović 2011, 87). 

Since the selected variables are expressed in different units of measurement, all 

variables were standardised before applying PCA using z-scores. Two initial models were 

estimated, each comprising the nine variables shown in Table 1. The difference between the 

two models lies in the different way of measuring CO2 emissions. In the first model, two 

variables were used as measures of CO2 emissions: CO2 emissions (agriculture, energy, 

transport) per capita and change in CO2 emissions (agriculture, energy, transport) per capita. 

In the second model, these two variables were replaced by CO2 emissions (agriculture, 

energy, transport) per km2 and change in CO2 emissions (agriculture, energy, transport) per 

km2. A preliminary analysis of the correlation matrix for both models found that two 

variables - the number of cattle per km2 and tourist arrivals in relation to the area’s GVA - 
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were not statistically significantly correlated with any of the other observed variables. 

Therefore, they were excluded from further PCA-based analysis. This is additionally justified 

by the fact that tourism in Serbia is not a primary target of decarbonisation, unlike energy, 

mining and livestock farming. 

In order to select the better model for applying PCA - Model 1, in which emissions 

and changes in CO2 emissions are observed per capita, or Model 2, in which these variables 

are expressed per km2 - the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test of sphericity 

were applied, with the results presented in Table 2. 

 
Table 2. Tests of sampling adequacy and sphericity 

Test 
Model 1 

Value 

Model 2 

Value 

Kaiser-Meyer-Olkin (KMO) 0.4172 0.6045 

Bartlett: Chi-square (Pearson’s χ2) 90.15 122.70 

Bartlett: Degrees of freedom (df) 21 21 

Bartlett: Probability (p-value) 0.0000 0.0000 

Source: Authors’ presentation 

 

Based on the results presented in Table 2, it can be concluded that both models satisfy 

Bartlett’s test of sphericity (the p-value is below 0.05), while the KMO test results indicate 

that Model 2 should be selected (the calculated value is above the threshold value of 0.5). The 

advantage of Model 2 over Model 1 also stems from the fact that, for analysis at the regional 

level, it is more appropriate to observe the level of activity per unit of area rather than per 

capita. In this way, the influence of population size on the results is eliminated (for example, 

the Belgrade Area has the highest CO2 emissions when observed per unit of area, whereas 

this is not the case when emissions are observed per capita, due to its high population 

density). 

 

Table 3. Factor loadings of variables used to form the Regional Green Transition Vulnerability Index 

in Serbia at the NUTS 3 level 
Variable Weight/Factor loadings 

CO2 emissions (agriculture, energy, transport) per 

km2, kt (Gg) 
0.5043 

Change in CO2 emissions (agriculture, energy, 

transport) per km2, kt (Gg) 
0.3143 

Total annual gross wages in the mining sector as a 

share of the area’s GVA 
-0.01804 

Share of agricultural sector GVA in total area GVA -0.4243 

Share of employees in agriculture, forestry and 

fishing in total employment 
-0.3281 

CDD 0.3362 

Total registered motor vehicles and trailers 0.4959 

Source: Authors’ research 

 

The composite Regional Green Transition Vulnerability Index was formed using the 

standardised values of the seven variables of Model 2 and weights based on the first principal 

component, which explains the largest share of the total variance of the observed independent 

variables (45.85%). In this way, a summary (synthetic) indicator was formed on the basis of 

which the observed urban and rural areas can be ranked in terms of their vulnerability to the 

green transition. The PCA results indicate that two factors have a strong impact on the 

vulnerability of areas to the green transition: CO2 emissions per km2 and total registered 

motor vehicles and trailers. The factor loadings for these two variables are 0.5043 and 0.4959, 
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respectively (Table 3). Mining, observed through wages, has a weight close to 0 (-0.018, 

which implies that it has no effect, i.e. that it is statistically irrelevant for the first component), 

but remains included through its direct effect in terms of its contribution to total CO2 

emissions. Mining is associated with two specific areas, Bor and Kolubara, which are 

vulnerable due to their economic dependence on mining. Regions dependent on specific 

sectors of the economy proved to be more vulnerable to the green transition than areas with a 

higher degree of economic diversification (Rodríguez-Pose and Bartalucci, 2024). 

High positive weights for CO2 emissions per km2, registered motor vehicles and 

trailers, and CDD indicate the vulnerability of urban areas, while negative weights related to 

agriculture (sectoral GVA and employment share) indicate the vulnerability of rural areas. 

Variables related to agriculture (GVA and employment) and total gross wages in mining pull 

the index downwards and form the other extreme. 

The first principal component is defined as a linear combination of standardised 

variables. The composite Regional Green Transition Vulnerability Index in Serbia for 25 

areas may be written in the following form: 

PCi = w1xi1 + w2xi2 + w3xi3 + w4xi4 + w5xi5 + w6xi6 + w7xi7, i.e.               (1) 

PCi = w1xi1 + w2xi2 + ... + w4xi4 + w5xi5 + w6xi6 + wkxik                            (2) 

where: 

PCi – Regional Green Transition Vulnerability Index (the value of the first principal 

component) for the i-th area, i = 1, 2, …, 25 (25 areas); 

w1, w2, ..., wk – weights calculated using PCA, identical for all units of observation (areas); 
xi1, xi2, ..., xik – value of the variables for the i-th area (a total of k variables, k = 7); 

xi1 – CO2 emissions (agriculture, energy, transport) per km2 for the i-th area; 

xi2 – change in CO2 emissions (agriculture, energy, transport) per km2 for the i-th area; 
xi3 – total annual gross wages in the mining sector in relation to the area’s GVA for the i-th 

area; 

xi4 – share of agricultural sector GVA in the total GVA of the area for the i-th area; 

xi5 – share of employees in agriculture, forestry and fishing in total employment for the i-th 
area; 

xi6 – annual cooling degree days for the i-th area; 

xi7 – total registered motor vehicles and trailers for the i-th area. 

 

Or, in abbreviated form: 

 

PCi = ∑ 𝑤𝑗𝑥𝑖𝑗
𝑘
𝑗=1                (3) 

where: 

PCi – Regional Green Transition Vulnerability Index for the i-th area, i = 1, 2, …, 25 (25 

areas); 
wj – weight of the j-th variable; 

xij – standardised value of the j-th variable for the i-th area; 

k – total number of variables. 

 

Table 4 presents, for each of the 25 observed areas in Serbia, the calculated value of 

the composite Regional Green Transition Vulnerability Index, as well as the rank assigned to 

each area on the basis of the index value. 
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Table 4. Regional Green Transition Vulnerability Index in the Republic of Serbia at the NUTS 3 level, 

2023 
Area Index Index on a 0-1 scale Rank 
Belgrade Area 7.272456 1 1 

Nišava Area 1.846271 0.4364811 2 

Bor Area 1.076805 0.3565708 3 

South Bačka Area 1.048227 0.3536029 4 

Šumadija Area 0.589429 0.3059559 5 

Moravica Area 0.4700401 0.2935572 6 

Podunavlje Area 0.3207836 0.2780566 7 

Jablanica Area 0.271982 0.2729885 8 

Raška Area 0.0831896 0.2533821 9 

Rasina Area -0.0196919 0.2426976 10 

Pčinja Area -0.0755845 0.2368931 11 

Kolubara Area -0.132066 0.2310274 12 

Pomoravlje Area -0.1745722 0.226613 13 

Mačva Area -0.2573198 0.2180196 14 

Srem Area -0.3358077 0.2098684 15 

Pirot Area -0.5285755 0.1898492 16 

South Banat Area -0.5905026 0.1834179 17 

Zlatibor Area -0.6216182 0.1801865 18 

North Bačka Area -0.8468361 0.1567973 19 

Zaječar Area -1.038039 0.1369405 20 

Toplica Area -1.356691 0.1038479 21 

North Banat Area -1.435979 0.0956137 22 

Braničevo Area -1.509657 0.0879622 23 

Central Banat Area -1.699589 0.0682374 24 

West Bačka Area -2.356654 0 25 

Source: Authors’ research 
 

The results of mapping regional vulnerability to the green transition in Serbia at the 

NUTS 3 level confirm the initial hypothesis, namely that there are significant differences in 

vulnerability to the green transition between developed and underdeveloped regions, i.e. 

between urban and rural areas in Serbia. Two groups of areas stand out: the first with index 

values above 1, and the second with index values below -1 (Figure 1). The Belgrade Area is 

an outlier in the statistical sense, i.e. an area whose index value is significantly higher than 

that of the other observed areas (7.27). Its index is considerably higher than the others due to 

the high concentration of vehicles and CO2 emissions. Areas with large cities are the most 

vulnerable. 
 

Figure 1. Regional Green Transition Vulnerability Index in the Republic of Serbia at the NUTS 3 

level, 2023 

 
Source: Authors’ presentation 
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Given that the weights for mining and agriculture are negative, it can be concluded 

that there are two types of vulnerability. The green transition affects different areas 

differently, as confirmed by the positive weights (emissions and changes in CO2 emissions 

per km2, CDD and registered motor vehicles and trailers) and negative weights (wages in the 

mining sector and GVA and employment in the agricultural sector) of the first PCA 

component. The highest-ranked areas have the highest pollution and energy-intensive 

industry, while the lowest-ranked areas are most dependent on the primary sector (insufficient 

economic diversification) and have lower CO2 emissions per km2 and fewer registered 

vehicles. 
 

Figure 2. CO2 emissions (agriculture, energy, transport) per km2 and the Regional Green Transition 

Vulnerability Index, 25 areas in Serbia, 2023 

 
Source: Authors’ presentation 

 

Two groups of areas with different types of vulnerability can be identified. The first 

group consists of four areas with index values greater than 1: the Belgrade, Nišava, Bor and 

South Bačka areas, which are characterised by urban-carbon vulnerability (the highest CO2 

emissions) (Figure 2). Although decarbonisation affects urban areas most strongly, their 

advantage is reflected in the fact that they possess the preconditions for more efficient 

“greening” of economic activity, including developed infrastructure, significant human capital 

and solid economic diversification (Jakobsen et al. 2022; Rodríguez-Pose and Bartalucc, 

2024). 
 

Figure 3. Share of agricultural sector GVA in total area GVA and the Regional Green Transition 
Vulnerability Index, 25 areas in Serbia, 2023 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

Source: Authors’ presentation 

https://doi.org/10.7251/ZREFIS2632011S


20     Žaklina Stojanović, Sonja Josipović and Dejan Molnar 
  Green Transition and Regional Inequalities: An Analysis of the Vulnerability of Urban and Rural Regions in Serbia 

   

 
Proceedings of the Faculty of Economics in East Sarajevo  Year 2026, Issue 32: 11-21 

Zbornik radova ekonomskog fakulteta u Istočnom Sarajevu   DOI: 10.7251/ZREFIS2632011S 

 

The second group consists of five areas with index values below -1: Toplica, North 

Banat, Braničevo, Central Banat and West Bačka, which are characterised by agrarian-

structural vulnerability (high dependence on agriculture, observed through the share of 

agricultural GVA in total area GVA) (Figure 3). Weaker economic diversification and 

unfavourable demographic characteristics make these rural areas vulnerable to the changes 

brought by the green transition. 
 

 

CONCLUSION 

 

 The green transition, that is, the shift towards a cleaner economy and new behavioural 

models, entails numerous economic and social effects. A particularly important place in the 

literature is occupied by the analysis of differences in vulnerability to the green transition 

between developed and underdeveloped regions, i.e. between urban and rural areas. 

Therefore, analyses often examine how sectoral factors such as energy, mining, agriculture, 

transport and tourism affect regional vulnerability.  The results of recent studies, mostly 

focused on European Union countries, indicate the existence of significant differences in the 

“vulnerability” of different types of areas. Unlike urban and industrially diversified regions, 

which have favourable conditions for attracting investment and developing innovations in 

green technologies, rural regions, especially peripheral ones, often cannot make use of the 

advantages offered by the green economy due to structural weaknesses. Unfavourable 

demographic characteristics, weak diversification of the economic structure, a decline in 

industrial production and limited innovation, institutional and financial capacities make rural 

regions more vulnerable to the changes brought by the green transition. 

 The results of the analysis of regional inequalities in the context of the green transition 

in the Republic of Serbia at the NUTS 3 level indicate that there are significant differences in 

vulnerability to the green transition between urban and rural areas. Following studies that 

examine vulnerability to the green transition at the regional level, a composite Regional Green 

Transition Vulnerability Index for Serbia was formed using PCA. Based on its values by area, 

as a summary (synthetic) indicator that reflects the multidimensionality of the green transition 

by encompassing its direct and indirect impacts in Serbia at the NUTS 3 level, the 25 

observed areas were ranked. Regions characterised by high emissions of harmful gases, the 

presence of heavy industry (such as mining) or significant dependence on agriculture proved 

to be the most vulnerable to the green transition. In addition, two groups of areas with 

different types of vulnerability were identified. The first group consists of areas characterised 

by the highest pollution (emissions and changes in CO2 emissions per km2) and energy-

intensive industry, while the second group consists of areas whose economic structure is 

weakly diversified and based predominantly on agricultural activities. 

 As a complex territorial transformation, the green transition requires the mobilisation 

of local resources, respect for existing economic, demographic and social characteristics, as 

well as the design of policies, measures and strategies in a way that corresponds to identified 

regional specificities. Sectoral factors such as production structure, applied technology, 

employment, resources and infrastructure determine whether a region will be a “loser” or a 

“winner” of the green transition, or whether it will experience mixed effects. The experience 

of other countries shows that, globally, the greatest beneficiaries of the green transition will 

be regions with a developed economic structure based on the use of high human potential and 

energy predominantly derived from renewable sources. On the other hand, so-called mono-

sectoral, non-diversified regions, dependent on concentrated activities with high GHG 

emissions and faced with limited innovation capacity, appear to be in a serious economic 

problem when it comes to designing a successful exit strategy. 
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PUBLIC DEBT-UNEMPLOYMENT NEXUS IN SOUTHEAST EUROPE 
COUNTRIES 

 
ODNOS IZMEĐU JAVNOG DUGA I NEZAPOSLENOSTI U ZEMLJAMA 

JUGOISTOČNE EVROPE 
 

 
Summary: The examination of the relationship between 
public debt and unemployment is of crucial importance for 
understanding macroeconomic dynamics and for designing 
sustainable economic policies. In recent decades, the 

countries of Southeast Europe (SEE) have faced a dual 
challenge: persistently high unemployment rates and rising 
levels of public debt. This paper analyzes the causal 
relationship between public debt and unemployment in SEE 
countries over the period 2004–2023, employing 
correlation and panel regression analysis. The study utilizes 
annual data spanning 20 years and covering eight SEE 
countries (Albania, Bosnia and Herzegovina, Bulgaria, 

Croatia, Greece, North Macedonia, Romania, and Serbia). 
Empirical findings indicate a significant positive 
association between the growth of public debt and 
unemployment, particularly in the aftermath of the global 
financial crisis. The results underscore the need for careful 
fiscal policy balancing in order to mitigate the adverse 
effects of high indebtedness on labor markets in developing 
economies. 

Keywords: public debt; unemployment; Southeast Europe; 
panel analysis; fiscal policy 
JEL Classification: O40, F34 

Rezime: Ispitivanje odnosa između javnog duga i 
nezaposlenosti od ključne je važnosti za razumijevanje 
makroekonomske dinamike i za dizajniranje održivih 
ekonomskih politika. Posljednjih decenija, zemlje 

jugoistočne Evrope (JIE) suočile su se s dvostrukim 
izazovom: uporno visokim stopama nezaposlenosti i 
rastućim nivoima javnog duga. Ovaj rad analizira 
uzročno-posljedičnu vezu između javnog duga i 
nezaposlenosti u zemljama JIE u periodu 2004–2023, 
koristeći korelacijsku i panel regresijsku analizu. Studija 
koristi godišnje podatke koji obuhvataju 20 godina i 
obuhvataju osam zemalja JIE (Albaniju, Bosnu i 

Hercegovinu, Bugarsku, Hrvatsku, Grčku, Sjevernu 
Makedoniju, Rumuniju i Srbiju). Empirijski nalazi 
ukazuju na značajnu pozitivnu povezanost između rasta 
javnog duga i nezaposlenosti, posebno nakon globalne 
finansijske krize. Rezultati naglašavaju potrebu za 
pažljivim uravnoteženjem fiskalne politike kako bi se 
ublažili negativni efekti visoke zaduženosti na tržišta rada 
u zemljama u razvoju. 

Klјučne riječi: javni dug; nezaposlenost; Jugoistočna 
Evropa; panel analiza; fiskalna politika 
JEL kasifikacija: O40, F34 

 

 

 

1. INTRODUCTION 

 

Public debt represents the accumulation of a government's obligations to both 

domestic and foreign creditors, while unemployment reflects structural weaknesses in the 

labor market and directly affects social stability and economic growth. A high level of public 

debt may constrain the government's fiscal space, reduce its capacity to invest in productive 

sectors, and increase dependence on international financial institutions. Simultaneously, rising 

unemployment generates lower aggregate demand, social tensions, and long-term 

consequences for human capital. When these factors are analyzed jointly, a complex 

relationship emerges in which fiscal policy and labor market dynamics may interact in either 

mutually reinforcing or mutually restrictive ways. 
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For developing and transitional economies, such as the countries of Southeast Europe 

(SEE), this line of research is particularly important. A high unemployment rate combined 

with rising public debt can lead to the so-called “debt-unemployment spiral,” in which 

declining tax revenues and increased social expenditures place additional strain on the budget, 

ultimately resulting in further borrowing. Analyzing this relationship enables a deeper 

understanding of the limits of fiscal sustainability and the design of policies that balance the 

need for economic growth, social protection, and macroeconomic stability. 

Thus, the study of public debt and unemployment contributes not only to academic 

knowledge but also holds direct practical value: it assists policymakers in making evidence-

based decisions, helps investors assess risk, and enables the general public to better 

understand the socio-economic challenges their countries face. The economic challenges 

experienced by SEE countries in recent decades have been shaped by a dual pressure: high 

public debt and persistently elevated unemployment rates. The post-1990 transition period 

was marked by structural reforms, privatization, and integration into European economic 

frameworks. However, the 2008 global financial crisis and the subsequent eurozone debt 

crisis significantly impacted the region, deepening fiscal deficits and increasing debt levels. 

The COVID-19 pandemic further intensified fiscal pressures, while lockdowns and reduced 

economic activity led to a surge in unemployment. 

Public debt is often used as a fiscal instrument to stabilize the economy, but in cases 

of inefficient management, it can have counterproductive effects – particularly on the labor 

market. This study is based on the premise that public debt, although a necessary tool of 

economic policy, may have long-term adverse consequences for employment. The focus of 

the research is to quantify this relationship using panel analysis for SEE countries over the 

period 2004–2023. The subject of the study is the relationship between public debt and 

unemployment rates in SEE countries. The aim of this paper is to empirically examine 

whether a statistically significant relationship exists between the level of public debt and 

unemployment in the region. The importance of the research lies in providing empirical 

evidence to policymakers, offering insights into the potential negative effects of excessive 

borrowing on labor markets, and thereby contributing to the formulation of more sustainable 

fiscal policies in the region. 

The central research question is: Does public debt significantly affect the 

unemployment rate in SEE countries? Additional research questions, which will be explored 

qualitatively, descriptively, and through comparative analysis (without inclusion in the 

regression model), include: Does the effect of debt differ between crisis and post-crisis 

periods? And does the institutional framework and EU membership mitigate or amplify this 

relationship? 

The main research hypothesis is:  

H1: An increase in public debt raises the unemployment rate in SEE countries.  

 

In addition to this hypothesis, the study will attempt to validate two secondary 

hypotheses through descriptive, qualitative, and comparative analysis:  

H2: The effect of public debt on unemployment is stronger during crisis periods.  

H3: EU member states are more effective in mitigating the negative effects of public 

debt. 

 

The significance of this research lies in its contribution of empirical evidence to both 

policymakers and the academic community, offering region-specific findings that may 

support the development of more sustainable fiscal policy frameworks. 
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2. THEORETICAL FRAMEWORK 
 

The relationship between public debt and unemployment has been the subject of 

longstanding theoretical debate, with various schools of economic thought offering divergent 

explanations. According to Keynesian theory (Keynes 1936), an increase in public debt 

during periods of recession may have a short-term positive effect on employment. 

Specifically, additional government spending financed through borrowing stimulates 

aggregate demand and output, leading to higher employment and reduced unemployment. 

This mechanism is grounded in the concept of the fiscal multiplier, which posits that each 

additional unit of public expenditure generates a proportionally greater increase in GDP, 

provided that economic resources are not fully utilized. However, these effects are typically 

limited to the short run, while in the long term, rising debt levels may produce adverse 

consequences (Jahan, Mahmud, and Papageorgiou 2014, 53). 

In contrast, neoclassical theory emphasizes the negative implications of public debt 

through the so-called crowding-out effect (Dombi and Dedák 2019). An increase in 

government borrowing in financial markets reduces the availability of funds for the private 

sector, which in turn raises interest rates and diminishes the volume of private investment. 

While such borrowing may initially stimulate demand, the long-term outcome is reduced 

economic efficiency and rising unemployment. This effect is particularly pronounced in 

countries with underdeveloped financial markets and limited domestic savings capacity, 

whereas in economies with well-developed capital markets, its impact may be less significant. 

Furthermore, the theory of fiscal sustainability highlights the importance of market 

stability and investor confidence (Salmon 2025). When public debt exceeds a certain 

threshold, investors may begin to question the government's ability to service its obligations 

in a timely manner. This skepticism can lead to an increase in risk premiums and interest 

rates, thereby placing additional strain on public finances and potentially triggering fiscal and 

macroeconomic crises. Such circumstances not only constrain the scope for effective 

economic policymaking but also exert a negative impact on economic activity and labor 

market performance. Accordingly, this theory emphasizes that debt sustainability depends on 

maintaining a balance between GDP growth, fiscal discipline, and the structure of public 

borrowing. 

On the other hand, endogenous growth models offer a more nuanced perspective on 

the relationship between public debt and employment. These models posit that the impact of 

public debt depends primarily on its intended use. If borrowed funds are allocated to 

productive investments – such as education, research and development, or infrastructure – 

debt can stimulate productivity growth, enhance competitiveness, and generate new 

employment opportunities. However, if resources are directed toward non-productive 

purposes or solely toward current consumption, debt may merely increase fiscal risks without 

yielding long-term benefits. In other words, public debt is neither inherently positive nor 

negative; its effects depend on the quality of fiscal management and the broader institutional 

framework. 

These theoretical perspectives demonstrate that the relationship between public debt 

and unemployment is not unambiguous, but rather depends on the time horizon, structural 

characteristics of the country, and the orientation of fiscal policy. While Keynesian theory 

emphasizes the short-term benefits of borrowing, neoclassical and fiscal sustainability 

approaches highlight the long-term risks. Endogenous growth models further underscore the 

importance of public debt management quality, suggesting that the purpose and efficiency of 

resource allocation ultimately determine its actual economic and social impact. In the context 

of Southeast European countries, elevated public debt levels may exacerbate unemployment – 

an effect that is empirically examined in this study. 
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3. PREVIOUS RESEARCH 

 

The impact of public debt on economic growth and labor market performance has 

been the subject of extensive empirical research worldwide. A review of prior studies 

facilitates a deeper understanding of the mechanisms through which debt influences 

employment and overall economic performance, as well as the identification of factors that 

amplify or mitigate these effects. In this section, we highlight several recent studies that 

examine the relationship between public debt and unemployment. 

Checherita-Westphal and Rother (2010) conducted a panel analysis of 12 euro area 

countries over the period 1970–2009, employing a dynamic and nonlinear model. Their 

findings indicate that public debt exerts a negative effect on economic growth, particularly 

when the debt-to-GDP ratio exceeds the threshold of 90–100%. These results provide 

additional support for debt reduction strategies aimed at sustaining long-term growth 

prospects (Checherita-Westphal and Rother 2010). Similar conclusions are drawn by Reinhart 

and Rogoff (2010) in their global analysis of 44 countries spanning two centuries, which 

demonstrates that debt levels above 90% of GDP significantly reduce average growth rates 

and indirectly affect employment outcomes (Reinhart and Rogoff 2010, 573). 

Kumar and Woo (2010), through a panel analysis of both advanced economies and 

emerging markets over the period 1970–2009, also emphasize the long-term negative impact 

of elevated public debt on economic growth, with the effect being less pronounced in 

developed economies. Their empirical findings suggest that, on average, a 10-percentage-

point increase in the initial debt-to-GDP ratio is associated with a slowdown in annual per 

capita real GDP growth of approximately 0.2 percentage points (Kumar and Woo 2010, 1). 

Mihaiu (2014) aimed to analyze public debt in EU member states through the lens of 

the "golden rule" of public borrowing. The study covers the period from 2008 to 2012 and 

examines the relationship between the level of public debt, public investment, unemployment, 

and economic growth, with the objective of identifying the patterns of debt utilization and its 

effects in the context of fiscal sustainability. The findings indicate an inverse relationship 

between public debt and public investment, suggesting that rising debt levels do not 

contribute to increased investment, but are instead accompanied by a decline in capital 

expenditures. 

Mencinger, Aristovnik, and Verbic (2014) empirically investigate the transmission 

mechanism of the short-term impact of public debt on economic growth in European Union 

countries affected by the sovereign debt crisis. The analysis encompasses a sample of 25 EU 

member states and utilizes recent data, with particular attention given to the nonlinear and 

concave relationship between debt and growth. A panel growth model augmented with a debt 

variable is employed, accounting for issues of heterogeneity and endogeneity. The results 

confirm a statistically significant nonlinear effect of debt on per capita GDP growth. The 

threshold beyond which debt begins to exert a negative influence varies across country 

groups: for older member states, it ranges between 80% and 94% of GDP, while for newer 

member states, it is lower–approximately 53–54%. These findings suggest that the sustainable 

level of indebtedness is lower in newer member states, indicating their greater vulnerability to 

public debt pressures. 

Coccia (2012) investigated the relationship between labor market dynamics and the 

drivers of technological innovation in European countries, incorporating public debt as a 

structural indicator. The findings reveal that public investment in education and the intensity 

of expenditure on research and development exert a positive influence on employment rates, 

whereas the growth of consolidated public debt negatively affects both employment and 
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indicators of technological advancement. These empirical results provide a foundation for 

considering key implications for economic policy formulation. 

Bexheti et al. (2020) analyzed the impact of public debt on economic growth in 

Western Balkan countries over the period 2003–2016. Their study identified a mild negative 

relationship between public debt and economic growth in the region, with a debt threshold of 

50.87% of GDP beyond which the adverse effects on growth become more pronounced. 

Babajić and Suljić (2024) conducted a comprehensive review of the SCOPUS 

database to summarize scholarly publications that examined the nexus between public debt 

and economic growth. The observed period spanned from 1984 to 2023, during which a total 

of 258 publications were identified. The highest number of studies was published in 2021 and 

2022. Geographically, ''countries with the largest number of published papers are: Germany 

(23), USA (23), South Africa (20), India (15), United Kingdom (15), etc.'' (Babajić and Suljić 

2024, 38). In addition to the bibliometric analysis, the authors investigated the impact of 

public debt on economic growth in Bosnia and Herzegovina during the period 2008–2020. 

Their findings reveal a statistically significant and negative relationship between public debt 

and GDP growth. Moreover, they suggest that lower levels of indebtedness are conducive to 

stronger economic performance. 

In its 2021 working paper focused on developing countries, the IMF emphasizes that 

fiscal shocks associated with high public debt further exacerbate labor market conditions. 

Within the European Union, Turrini (2013) demonstrated that fiscal consolidation can lead to 

an increase in short-term unemployment, particularly through reductions in public 

expenditure. Similarly, Cocozza et al. (2011) highlight a significant relationship between 

fiscal deficits and unemployment in the newer EU member states. 

Alnaa and Matey (2023) analyze the dynamic relationship between external debt and 

unemployment in Sub-Saharan African countries, based on a sample of 25 states. The results 

indicate a significant correlation between rising external debt and increasing unemployment, 

largely attributed to the inadequate implementation of discretionary fiscal policies and 

inefficient management of borrowed funds. Furthermore, the findings suggest that the 

relationship between debt and unemployment is not linear, but rather exhibits more complex 

patterns across the observed economies. 

Although there is extensive literature on the relationship between public debt and 

unemployment, the role of institutional quality in this nexus has largely been overlooked. 

Tang and Issahaku (2024) examine the impact of institutional quality on the link between 

public debt and unemployment in Sub-Saharan Africa, using panel data from 36 countries 

over the period 1996–2020. The study employs the System Generalized Method of Moments 

(SGMM) as its methodological framework. The results indicate that borrowing has not 

contributed to reducing unemployment, whereas institutional quality serves as a significant 

moderating factor that enables debt to be directed toward job creation. The authors conclude 

that in the absence of strong institutions, public debt does not support employment, and they 

recommend strengthening institutional capacities as a prerequisite for more effective debt 

utilization. 

Sengupta, Talukder and Atal (2025) examine the relationship between public debt and 

unemployment by analyzing 162 countries, grouped into four continental regions (Africa, the 

Americas, the Asia-Pacific region, and Europe) and three income categories (low-, middle-, 

and high-income countries) over the period 1996–2019. Their findings indicate that a 1% 

increase in central government debt corresponds to a 1.6% rise in global unemployment 

(Sengupta, Talukder, and Atal 2025). Among the continents, the strongest impact is observed 

in Europe (4.1%), followed by Africa (0.9%), while the coefficients for the Americas and the 

Asia-Pacific region are not statistically significant. The dynamic assessment reveals that 

public debt is a significant predictor of unemployment across all regions. 
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Finally, the World Bank's 2023 report on the Balkan region reveals a correlation 

between public expenditure and labor market conditions, suggesting that fiscal policy exerts a 

direct influence on employment and economic performance in the region. 

All of these findings point to the existence of a negative impact of high public debt on 

economic growth and employment, with effects being amplified in the presence of fiscal 

shocks, weak institutional frameworks, and within countries with lower economic capacity. 

This theoretical and empirical evidence provides a foundation for further analysis of the 

mechanisms through which debt influences labor market dynamics and overall economic 

stability. 

 

 

4. DATA AND METHODOLOGY 

 

The study utilizes panel data for 10 Southeast European (SEE) countries: Albania, 

Bosnia and Herzegovina, Bulgaria, Croatia, North Macedonia, Montenegro, Romania, Serbia, 

Kosovo*1, and Greece, covering the period from 2004 to 2023. Due to data limitations, 

Montenegro and Kosovo* were excluded from further analysis. The data were obtained from 

the International Monetary Fund (IMF) database. Table 1 presents the research variables and 

their respective notations used in the model. 

 
Table 1. Research Variables 

Types of variables Name of variable Variable Labels 

Dependent variable unemployment rate (% of labor force) UNEMP 

Independent variable public debt (% GDP) DEBT 

Control variables 
GDP per capita GDP 

inflation rate INF 

Source: Authors' creation 

 

A fixed effects (FE) model was used due to the expected heterogeneity across 

countries. The model is as follows: 
 

UNEMPit = β₀ + β₁DEBTit + β₂GDPit + β₃INFit + αi + εit            (Formula 1) 
 

Where is it: 
UNEMP – unemployment rate 

DEBT – public debt 

GDP – gross domestic product per capita (in thousands USD) 
INF – inflation rate 

β – coefficients 

αi – non-territorial fixed component 
εit – error 

i – observed SEE country  (where is i = 1–8; where is it 1=Albania, 2=BiH,...) 

t – time period (year) (where is t = 2004–2023) 

 

 The analysis was performed in STATA software. The following tests were applied: 

 Hausman test – choosing between FE and RE models. The Hausman test rejects the 

null hypothesis that the random effects estimator is consistent (p < 0.05), indicating 

that the fixed effects model is the appropriate specification. 

 Skewness/Kurtosis tests for Normality – for testing the normality of the distribution 

                                                
1 This designation is without prejudice to status and is in line with United Nations Security Council Resolution 

1244 and the official position of Bosnia and Herzegovina. 
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 Variance inflation factor – autocorrelation testing 

 Breusch-Pagan / Cook-Weisberg test – heteroskedasticity check 

 Levin-Lin-Chu test – stationarity check. 

 

In this research, the first hypothesis (H1) is formally tested, which refers to the 

connection between public debt and the unemployment rate in the countries of Southeast 

Europe. The fixed effects regression model was applied to panel data for the period 2004–

2023. Basic model assumptions, including multicollinearity, normality, and 

heteroskedasticity, were tested prior to estimation, and no serious problems were identified. 

 Additional research questions, addressing the intensity of effects during crisis and 

post-crisis periods (H2), as well as the role of institutional frameworks and European Union 

membership (H3), were examined qualitatively through descriptive and comparative analysis 

of available data. This approach ensures methodological consistency – the formal model is 

focused on the core relationship between public debt and unemployment, while the broader 

institutional and crisis-related context is explored descriptively and comparatively. 

 

 

5. ANALYSIS RESULTS 

 

Table 2 presents the basic results of descriptive statistics for the variables used in the 

analysis of Southeast European (SEE) countries. The table reveals a general heterogeneity 

among SEE countries, while a more detailed breakdown by country and year sheds light on 

specific trends. The average level of public debt during the observed period was 58.8% of 

GDP. However, the range is quite wide – from as low as 12.49% to as high as 226.65%, with 

a standard deviation of 45.3 –indicating substantial differences in indebtedness across 

countries. Some countries maintain relatively stable fiscal positions, while others are 

characterized by pronounced over-indebtedness. 

In terms of country-specific debt levels, Greece represents the most extreme case. Its 

public debt ranged from 104.3% of GDP in 2004 to a record 226.6% in 2020, reflecting the 

financial and sovereign debt crisis that peaked between 2009 and 2015. On the other hand, the 

lowest debt level was recorded in Romania in 2008 (12.49% of GDP), during a period of 

strong economic growth prior to the global financial crisis. Bosnia and Herzegovina 

maintained moderate debt levels (around 25–35%) for an extended period, but experienced an 

upward trend after 2009, reaching a peak of 47.23% in 2014. A similar pattern is observed in 

Serbia, where debt exceeding 60% of GDP in 2004 declined by 2008, only to rise again and 

reach 70% in 2015. Albania also entered a zone of high indebtedness, with a steady increase 

from around 55% in the mid-2000s to over 74% in 2020–2021. 

The average unemployment rate stands at 15.8%, which is significantly above the 

European Union average (5.6% in 2024) and the broader European average (3.6% in 2024), 

indicating a chronic labor market issue in the observed region. The minimum recorded value 

is 4.2%, while the maximum reaches 37.3%, with a standard deviation of 8.1 – highlighting 

deep structural disparities among Southeast European (SEE) countries. Some economies are 

closer to full employment, while others experience exceptionally high unemployment rates. 

North Macedonia recorded the highest unemployment rates, exceeding 36% between 

2004 and 2006, although the situation improved considerably by 2023 (13.1%). A similar 

pattern is observed in Bosnia and Herzegovina, where unemployment stood at 31.1% from 

2004 to 2006 and gradually declined to 13.2% in 2023. Greece experienced a dramatic surge 

in unemployment following 2010 – from 9.6% in 2009 to a peak of 27.5% in 2013 – clearly 

reflecting the consequences of the economic crisis and austerity measures. In contrast, 

Bulgaria, Romania, and Croatia have shown a downward trend in unemployment over the 
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past decade. Bulgaria reduced its rate from 12.2% in 2004 to 4.4% in 2023, while Romania 

fell below 5% as early as 2019. 

GDP per capita averages USD 9.7 thousand, which is significantly below the average 

of developed European economies (USD 62.32 thousand in the EU in 2024). The lowest 

recorded value is USD 2.4 thousand, while the highest reaches USD 31.74 thousand, with a 

standard deviation of USD 6.3 thousand. These figures confirm the existence of a substantial 

gap in the level of economic development within the region itself. The highest value was 

recorded in Greece in 2008 (USD 31.7 thousand), while Albania had the lowest in 2004 (USD 

2.4 thousand). However, Albania has made notable progress over the past 20 years, reaching 

USD 8.5 thousand in 2023. Croatia also experienced stable growth, increasing from USD 9.7 

thousand in 2004 to USD 21.9 thousand in 2023, while Romania rose from USD 3.5 thousand 

in 2004 to USD 18.4 thousand in 2023. These trends clearly indicate a convergence of certain 

Southeast European countries toward the EU average. 

Inflation averaged 3.55%, which falls within the range of moderate inflation, but was 

marked by considerable volatility. The minimum recorded value was -1.6% (deflation), while 

the maximum reached 16.3%, with a standard deviation of 3.8. These figures suggest that 

Southeast European (SEE) countries experienced episodes of macroeconomic instability 

during the observed period. The most volatile inflation rates were recorded in Serbia and 

Romania. In Serbia, inflation peaked at 16.3% in 2005, while Romania registered 11.9% in 

2004. Both countries later experienced periods of deflation – Romania at -1.6% in 2016, 

Bulgaria at -1.6% in 2014, and Croatia at -0.6% in 2016. 

In contrast, the entire region faced a strong inflationary shock in 2022, driven by 

global energy and food crises: Albania (6.7%), Bosnia and Herzegovina (14.0%), North 

Macedonia (14.2%), Romania (13.8%), Serbia (12.0%), Bulgaria (13.0%), Croatia (10.7%), 

and Greece (9.3%). This surge clearly demonstrates the vulnerability of SEE countries to 

global price disruptions and their dependence on energy imports. 

 

Table 2. Descriptive Statistics 
 Variable  Obs  Mean  Std. Dev.  Min  Max 

 debt 160 58.828 45.295 12.49 226.65 

 unemployment 160 15.789 8.109 4.2 37.3 

 gdp pc 160 9.705 6.295 2.4 31.74 

 inflation 160 3.554 3.802 -1.6 16.3 

Source: Authors' creation 

 

Overall, the presented statistics confirm the heterogeneity of Southeast European 

(SEE) countries. While some economies exhibit more stable macroeconomic performance, 

others face high public debt, structural unemployment issues, and inflation volatility – further 

underscoring the need for a comparative approach in economic analysis and policy design. In 

this context, the data reveal several key patterns: 

1. Greece stands out due to its extremely high public debt and dramatic fluctuations in 

unemployment. 

2. Bosnia and Herzegovina and North Macedonia have long struggled with chronically 

high unemployment, although recent trends indicate improvement. 

3. Albania and Romania have achieved significant growth in GDP per capita, while 

Croatia and Bulgaria demonstrate a more stable convergence toward the EU average. 

4. Inflation has fluctuated throughout the observed period, but the global crisis of 2022 

exposed a shared vulnerability among all SEE countries. 
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This heterogeneity clearly indicates that, although Southeast European (SEE) 

countries share certain similarities, their developmental trajectories and macroeconomic 

challenges remain distinct. This implies the need for tailored policy approaches rather than 

uniform regional solutions. 

Following the descriptive statistics and the explanation of variable trends across countries and 

over time, a further data analysis was conducted to determine the intercorrelation among the 

observed variables. In this context, it was first necessary to assess whether the variables were 

stationary during the observed period. The Levin-Lin-Chu panel unit root test indicated that 

all variables were non-stationary, as the p-values were greater than or equal to 0.05, meaning 

the null hypothesis of non-stationarity could not be rejected. First differences were applied, 

and upon retesting, the variables were found to be stationary. The Levin–Lin–Chu test 

indicated that all observed variables are non-stationary in level, but stationary in the first 

difference. Given that the paper did not conduct panel cointegration testing, the empirical 

analysis based on the fixed-effects model in the first differences is interpreted exclusively as 

an analysis of the short-term dynamics between changes in public debt and unemployment. 

Accordingly, the results do not allow for conclusions to be drawn about the long-term 

relationships between the variables. 

 

Table 3. Pairwise correlations 
Variables (1) (2) (3) (4) 

(1) d_debt 1.000    

(2) d_unemployment 0.308* 1.000   

(3) d_gdp_pc -0.340* -0.341* 1.000  

(4) d_inflation -0.226* -0.146 0.151 1.000 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Authors' creation 

 

Table 3 presents the pairwise correlations among the observed variables: changes in 

public debt (d_debt), unemployment rate (d_unemployment), GDP per capita (d_gdp_pc), and 

inflation (d_inflation). The results indicate a positive and statistically significant relationship 

between changes in public debt and unemployment rate (r = 0.308, p < 0.1), suggesting that 

rising public debt is often accompanied by increasing unemployment. Conversely, changes in 

public debt show a negative and significant correlation with changes in GDP per capita (r = -

0.340, p < 0.1), implying that debt accumulation may be associated with slower economic 

growth. 

Additionally, a negative correlation is observed between changes in unemployment 

and GDP per capita (r = -0.341, p < 0.1), which aligns with theoretical expectations – 

employment growth typically coincides with increased economic output. Regarding inflation, 

it exhibits a negative but weaker association with changes in public debt (r = -0.226, p < 0.1), 

while its correlations with other variables (unemployment and GDP per capita) are low and 

statistically insignificant. This suggests that inflation, within the observed sample, has a 

limited connection to other macroeconomic indicators. 

Overall, the correlation results highlight that the relationships between public debt, 

unemployment, and economic growth are the most pronounced and statistically significant, 

whereas inflation appears to be less strongly linked to the other variables. 

For the purposes of this research, a panel regression framework was employed, 

allowing for the simultaneous observation of variability across countries and over time. Both 

fixed effects (FE) and random effects (RE) models were tested in the analysis. The choice 

between fixed effects and random effects specifications was formally assessed using the 

Hausman test. The results indicate a statistically significant difference between the FE and RE 
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estimators (p = 0.038 < 0.05), supporting the use of the fixed effects model. The Breusch–

Pagan Lagrangian multiplier test was applied solely to reject the pooled OLS specification in 

favor of a panel framework. This outcome aligns with the initial assumption, given the 

heterogeneity among countries. 

The fixed effects approach enables control for country-specific characteristics that 

remain constant over time – such as geographic location, institutional legacy, and cultural 

attributes – which could otherwise influence the estimates. Consequently, the estimated 

coefficients in this model reflect the pure relationship between changes in public debt and 

unemployment within countries. 

To ensure the validity of the model, additional diagnostic tests were conducted. First, 

the normality of residuals was examined using the Skewness/Kurtosis tests for Normality, 

confirming that the error distribution does not significantly deviate from normality, thereby 

enhancing the reliability of the estimates. Next, multicollinearity among explanatory variables 

was assessed through a correlation matrix and evaluation of the Variance Inflation Factor 

(VIF), with no issues detected that could compromise coefficient stability. The Breusch-Pagan 

test for heteroskedasticity was also performed, and the results did not indicate significant 

signs of heteroskedasticity. 

Based on all the diagnostic tests conducted, it can be concluded that the selected fixed 

effects model is stable and suitable for empirical analysis of the relationship between public 

debt, unemployment, and additional macroeconomic variables in Southeast European 

countries. 

Table 4. Regression results (FE model) 
 d_unemployment  Coef.  St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

d_debt .047 .02 2.34 .050 0 .093 * 

d_gdp_pc -.429 .094 -4.57 .003 -.651 -.207 *** 

d_inflation -.025 .03 -0.81 .444 -.097 .047  

Constant -.364 .063 -5.81 .001 -.513 -.216 *** 
 

Mean dependent var -0.515 SD dependent var  1.727 

R-squared  0.171 Number of obs   152 

F-test   168.783 Prob > F  0.000 

Akaike crit. (AIC) 565.628 Bayesian crit. (BIC) 574.700 

*** p<.01, ** p<.05, * p<.1 

Source: Authors' creation 
 

The results of the fixed effects panel regression are presented in Table 4. The 

dependent variable is the change in the unemployment rate (d_unemployment), while the 

explanatory variables include changes in public debt (d_debt), GDP per capita (d_gdp_pc), 

and inflation (d_inflation). 

The coefficient for public debt (d_debt) is positive (0.047) and statistically significant 

at the 10% level (p = 0.050)., indicating that, in the short run, increases in public debt are 

associated with rising unemployment rates. This result reflects short-term fiscal and 

macroeconomic adjustments within countries rather than long-term structural effects. 

The coefficient for GDP per capita is −0.429 and is statistically significant at the 1% 

level (p = 0.003). The negative sign indicates that an increase in economic output per capita 

reduces the unemployment rate, which is consistent with economic theory and empirical 

expectations. In other words, economic growth contributes to improved labor market 

conditions. 

The coefficient for inflation is −0.025, but it is not statistically significant (p = 0.444). 

This indicates that inflation during the observed period did not exhibit a clear or stable 

relationship with the unemployment rate. This finding is somewhat expected, given that 
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inflation in the region was largely driven by external shocks (e.g., global energy prices) and 

did not directly reflect labor market dynamics. 

The constant term is negative (−0.364) and statistically significant (p < 0.01), 

indicating that there are additional factors influencing unemployment that are not captured by 

the model. 

The R-squared value = 0.171 indicates that the model explains about 17% of the 

variation in unemployment within countries over time. Although this percentage may seem 

modest, it is common for macroeconomic panel studies where complex relationships between 

fundamental economic variables are analyzed. 

The F test is 168.783, p = 0.000 < 0.01, confirming that the model as a whole is 

statistically significant, that is, that it explains the variation of the dependent variable better 

than the model without predictors. 

The results of the FE model confirm that public debt has a statistically significant and 

positive impact on the unemployment rate, while GDP per capita growth significantly reduces 

unemployment. Inflation, on the other hand, does not show a stable relationship with the labor 

market. These findings highlight the need for careful management of fiscal policy in SEE 

countries: although public debt is often used to mitigate crises, its excessive increase can 

further strain the labor market. 

 

 

6. DISCUSSION OF EMPIRICAL RESEARCH RESULTS 

 

It is important to emphasize that the interpretation of the empirical results refers to the 

short-term relationships between changes in public debt and unemployment, given that the 

analysis was conducted in first differences without testing long-term cointegration. The 

results confirm that public debt has a significant and positive impact on unemployment in the 

region. This relationship is particularly pronounced during crisis years (2008–2012 and 2020), 

when countries adopted expansionary fiscal policies without achieving effective labor market 

outcomes – increasing public spending without a proportional reduction in unemployment. 

These findings are consistent with the results of Sengupta, Talukder and Atal (2025), but 

diverge from the Keynesian perspective, which would anticipate the opposite effect. 

The correlation results provide valuable insight into the interrelationships among the 

key observed macroeconomic variables during the analyzed period. Particularly noteworthy is 

the positive and statistically significant association between changes in public debt and 

changes in unemployment (r = 0.308). This finding suggests that, in many cases, increases in 

public debt occur alongside rising unemployment rates. Although correlation analysis does 

not permit conclusions about causality, the result clearly indicates that fiscal pressures and 

labor market dynamics are closely linked and should be considered jointly in economic 

analysis and policy design. 

Another important finding is the negative correlation between public debt and GDP 

per capita (r = −0.340). This result suggests that rising debt levels often coincide with 

declining economic growth. In other words, higher borrowing tends to occur during periods of 

economic weakness, further underscoring the vulnerability of countries with elevated levels of 

public debt. 

The negative correlation between unemployment and GDP per capita (r = −0.341) 

confirms one of the fundamental macroeconomic principles: economic growth tends to reduce 

unemployment, whereas stagnation or recession leads to deteriorating labor market 

conditions. This result aligns with theoretical expectations and provides additional 

confirmation of the validity of the data and methods used. 
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With regard to inflation, its correlations with other variables are weak and statistically 

insignificant. This indicates that, within the observed sample, inflation does not exhibit a clear 

or stable relationship with public debt, unemployment, or GDP per capita. Such a finding may 

reflect the specific characteristics of the analyzed period, marked by various crisis episodes, 

during which inflation did not consistently follow the typical patterns of movement observed 

in other macroeconomic indicators. 

In a broader sense, these findings confirm that public debt cannot be viewed in 

isolation. Its dynamics are inextricably linked to labor market developments and economic 

growth. Although debt accumulation often represents a necessary response to economic 

shocks, it also serves as an indicator of deteriorating macroeconomic performance. Therefore, 

fiscal policy focused solely on debt control should not overlook its implications for 

employment and citizens' living standards. The results are consistent with the findings of 

Alnaa and Matey (2023), while also reflecting regional specificities. 

Empirical research indicates that public debt in Southeast European (SEE) countries is 

significantly associated with short-term increases in unemployment, with the adverse effects 

being particularly pronounced during crisis years. A detailed country-level analysis provides 

insight into the specific characteristics and mechanisms through which public debt is 

associated with short-term deterioration in labor market conditions: 
 

Greece 

Greece was the most severely affected by the debt crisis during the period 2010–2015. 

Public debt exceeded 180% of GDP, leading to a record unemployment rate of 27% in 2013. 

Our empirical findings strongly confirm this situation, indicating a direct correlation between 

high debt levels and a dramatic deterioration in labor market conditions, particularly among 

youth and in the construction sector. The crisis also revealed the limitations of fiscal policy 

under extreme debt conditions, where reductions in public spending further exacerbated 

unemployment. 
 

Croatia 

Following its accession to the EU in 2013, Croatia experienced a rise in public debt 

after 2008, accompanied by high youth unemployment. However, EU membership enabled 

access to structural and cohesion funds, which contributed to a reduction in unemployment 

and a gradual recovery of the labor market. This case highlights the importance of 

institutional support and international assistance in mitigating the adverse effects of public 

debt on employment. 
 

Romania and Bulgaria 

Both countries recorded rapid economic growth that helped reduce unemployment, 

although public debt increased after 2009. The impact of public debt on the labor market was 

weaker than in Greece or Croatia, suggesting that strong economic growth and diversification 

can partially offset the negative consequences of high debt levels. 
 

Serbia and Bosnia and Herzegovina 

Both countries are characterized by persistently high unemployment. Fiscal expansion 

and increased public spending did not lead to significant reductions in unemployment, 

indicating the presence of structural labor market issues, including mismatches between 

education systems and labor market needs, labor market rigidity, and weak institutional 

frameworks. 
 

Albania and North Macedonia 

Although these countries have relatively lower levels of public debt, persistently high 

unemployment suggests that fiscal policy alone is insufficient to address labor market 
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challenges. Structural reforms, institutional strengthening, and private sector development 

remain key factors for sustainable unemployment reduction. 

 

Following the qualitative country analysis, panel models were applied to examine the 

relationships among the analyzed variables, with particular attention given to the choice 

between fixed and random effects models. The data analysis began with testing fundamental 

assumptions to ensure the validity of the results. 

First, the normality of the data was assessed, and the distributions did not show 

significant deviations from normality, allowing for the continuation of regression analysis. 

Next, multicollinearity was examined using Variance Inflation Factor (VIF) values, with none 

of the included variables indicating a high degree of interdependence. Heteroskedasticity was 

also tested, and the results showed that residual variances remained approximately constant, 

with no significant deviations. 

After confirming that no major issues were present regarding model assumptions, the 

Breusch and Pagan Lagrangian multiplier test was conducted to choose between fixed and 

random effects. Based on the test results, the fixed effects model was selected, as it 

demonstrated greater consistency and reliability compared to the random effects model. The 

application of the fixed effects model allowed for the elimination of unobservable 

characteristics that remain constant over time within the observed units, resulting in more 

precise estimates and more reliable interpretation of the relationships between variables. 

The qualitative analysis further supports the findings of the regression model. The 

impact of public debt on unemployment was particularly pronounced during the global 

financial crisis (2008–2012) and the pandemic crisis (2020). In these periods, rising public 

debt was accompanied by increasing unemployment, consistent with the theory of pro-

cyclical fiscal behavior during economic downturns. 

Institutional frameworks and EU membership also emerge as significant factors. The 

cases of Croatia, Bulgaria, and Romania suggest that access to EU funds and institutional 

support can facilitate faster labor market recovery, while non-member countries such as 

Bosnia and Herzegovina, Serbia, and North Macedonia continue to experience chronically 

high unemployment rates. Although these effects were not formally tested in the regression 

model, qualitative indicators clearly suggest that institutional support mitigates the negative 

impact of public debt on labor market outcomes, in line with the findings of Tang and 

Issahaku (2024). 

 

 

7. CONCLUSION AND RECOMMENDATIONS 

 

This paper shows that there is a positive and significant relationship between public 

debt and unemployment in SEE. Although debt is often a necessary tool for economic 

stabilization, its excessive use can cause negative effects on the labor market (slow down the 

recovery of the labor market and increase the vulnerability of countries in periods of crisis). 

The results indicate the existence of a short-run positive association between changes in 

public debt and unemployment in Southeast European countries, while the analysis of long-

run relationships remains beyond the scope of this study. Recommendations for the policies of 

developing countries, with special emphasis on SEE countries: 

 Focus on productive investments that create jobs. 

 Strengthen fiscal transparency and reduce unproductive spending. 

 Use EU funds and international aid for structural reforms. 

 Focus on debt sustainability while simultaneously creating new jobs. 
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The results of the empirical analysis confirmed the basic research hypothesis - that the 

increase in public debt has a statistically significant effect on the growth of the short-term 

increases in unemployment rate in SEE countries. With this finding, the paper contributes to 

the literature that emphasizes the negative effects of public debt on the labor market in 

developing and transition countries. The remaining two research questions and hypotheses 

were not tested with a regression model, but were dealt with qualitatively through descriptive 

and comparative analysis. The results suggest that the short-term relationship between public 

debt and unemployment is stronger in crisis periods, and that institutional factors and EU 

membership moderate the negative effects of public debt. Although these findings cannot be 

considered formally confirmed, they represent an important direction for future research that 

would more deeply analyze the interaction between public debt, the labor market and the 

institutional framework in the region. 

However, the research has certain limitations. Due to the lack of data, Kosovo* and 

Montenegro were not included in the analysis, which somewhat reduces the 

representativeness of the results. The model includes only basic macroeconomic variables 

(public debt, GDP per capita and inflation), while other important factors such as fiscal deficit 

or political stability are not included. The results refer exclusively to SEE countries and 

cannot be fully generalized to other regions. 

Future research directions could include expanding the analysis to a larger number of 

countries and periods, introducing additional economic and institutional variables, and 

applying dynamic models such as GMM to reduce the endogeneity problem. Formal testing of 

the effects of crisis periods and institutional factors, including EU membership, would give an 

even deeper insight into the mechanisms through which public debt is associated the labor 

market. Future research could extend this framework by incorporating panel cointegration 

techniques and dynamic specifications in order to explore long-run interactions between 

public debt and unemployment. 

Overall, the paper confirms the basic hypothesis (H1) and at the same time opens up 

space for additional studies. This achieves a balance between quantitative evidence and a 

broader qualitative understanding of the complex relationship between public debt and 

unemployment in SEE countries. These results offer a valuable contribution to the literature 

and at the same time open up space for future research that would more deeply analyze the 

interaction between public debt, the labor market, crisis periods and the institutional 

framework in the region. It should be emphasized that the findings of this study are limited to 

short-run relationships due to the use of first-differenced data and the absence of panel 

cointegration testing. Therefore, the results should be interpreted with caution and not as 

evidence of long-term causal effects. 
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THE INCOME GAP BETWEEN ADVANCED, EMERGING, AND DEVELOPING 
ECONOMIES: EVIDENCE FROM PANEL DATA 

 
ДОХОДОВНИ ЈАЗ ИЗМЕЂУ РАЗВИЈЕНИХ, ТРЖИШТА У НАСТАЈАЊУ И 

ЗЕМАЉА У РАЗВОЈУ: ДОКАЗИ ИЗ ПАНЕЛ ПОДАТАКА 
 

 
Summary: The sustainability of the global economic 
growth poses the grave challenge for policymakers, 
academia and business. The main objective of the 
study was evaluation of income differences across the 
country groups over 2001-2024 period. The results 
point on statistically significant income differences 

between the country groups of GN and BRICS+ and 
GS, however not between the BRICS+ and GS. 
According to results the per capita income in GN 
countries are 3,3 times higher than in BRICS+ 
countries on average. In turn the GS countries are 
about 37% poorer than BRICS+ countries on 
average, however the result is not statistically 
significant. Finally pointing on income-growth 

dynamics across the countries the uneven pattern 
between the country blocs emerges. The GN countries 
are characterized by high-low pattern (e..g. high 
income, low growth); whereas BRICS+ and GS 
countries are characterized rather by low-moderately 
strong and low-strong pattern (e.g. low income; 
higher growth). Whereas the catch-up effect could not 
be ruled out, it depends about income and wealth 

redistribution policies in these countries. 
Keywords: sustainability, economic growth, income, 
GN countries, GS countries, BRICS+ 
JEL Classification: O15,R11    

Резиме: Одрживост глобалног економског раста 
представља озбиљан изазов за носиоце јавних политика, 
академску заједницу и пословни сектор. Главни циљ овог 
истраживања био је да се оцијене доходовне разлике између 
група земаља у периоду 2001–2024. године. Резултати 
указују на статистички значајне разлике у дохотку између 

земаља Глобалног сјевера (ГН) и БРИКС+ земаља, као и 
између земаља Глобалног сјевера и Глобалног југа (ГС), док 
разлике између БРИКС+ земаља и земаља Глобалног југа 
нису статистички значајне. Према резултатима, доходак 
по становнику у земљама Глобалног сјевера у просјеку је 3,3 
пута већи него у БРИКС+ земљама. С друге стране, земље 
Глобалног југа су у просјеку око 37% сиромашније од 
БРИКС+ земаља, али овај резултат није статистички 

значајан. Коначно, анализа динамике дохотка и раста 
указује на неуједначене обрасце између посматраних 
блокова земаља. Земље Глобалног сјевера карактерише 
образац високог дохотка и ниског раста, док БРИКС+ 
земље и земље Глобалног југа карактеришу обрасци нижег 
дохотка и умјерено снажнијег, односно снажнијег раста. 
Иако се ефекат сустизања не може искључити, његово 
остваривање зависи од политика прерасподјеле дохотка и 

богатства у овим земљама. 
Кључне ријечи: одрживост, економски раст, доходак, 
земље Глобалног сјевера, земље Глобалног југа, БРИКС+ 
ЈЕЛ касификација: O15,R11    

 

 

 

 

 

 

INTRODUCTION 

 

The gap between the richest 10% and the poorest 10% of the population is a key 

indicator of socioeconomic sustainability and requires special attention. It reflects not only 

issues of "equity" in income distribution within a country, but also the quality of institutions, 

the structure of labor markets, access to human capital, and the economy's ability to translate 

growth into shared (Sitthiyot and Holaust 2020). 
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It is important to note that discussing inequality solely in terms of "the incomes of the 

rich and the poor" is often insufficient. In applied research, incomes and living standards are 

measured and compared both across individual countries and across groups of countries. In 

this logic, the central question becomes: how different countries and blocs (the Global North, 

the Global South, BRICS+) shape the conditions under which the relationship between the top 

and bottom deciles is formed and reproduced. 

Global inequality – the gap between Global North and the Global South has grown for 

the first time in 25 years. Low and lower-middle income countries are set to pay nearly half a 

billion US dollars a day in interest and debt payments between now and 2029, and they are 

having to make severe cuts to spending to be able to pay their creditors. Meanwhile, the 

dramatic increase in extreme wealth witnessed since 2020 has become set in stone. This 

wealth is concentrated in the Global North. Only 21% of humanity lives in the countries of 

the Global North, but these countries are home to 69% of private wealth, and 74% of the 

world's billionaire wealth (Oxfam 2024). 

However, still emerging and even developing economies have been building up their 

own wealth elites.  The UBS in its Global Wealth report points that the world became richer 

in 2024 but it's a mixed picture. After a decline in 2022, global wealth rose again in 2024 on 

the heels of a buoyant 2023. In 2023, the rebound in wealth was led most strongly by growth 

in Europe, the Middle East and Africa. By contrast, in 2024 wealth growth was tilted strongly 

towards North America, driven by a stable US dollar and upbeat financial markets (UBS, 

2025).   

In this article, we briefly review the historical evolution of inequality (from agrarian 

societies to the global economy). We then examine contemporary income differences between 

country blocs and their relationship to the economic geowth. Finally, in the discussion and 

conclusion, we explore the reasons for the persistence of these gaps and how they are 

influenced by growth, investment, and convergence. 

The provided dataset contains GDP per capita data for 199 countries (2000–2024). 

These data do not directly measure decile incomes within countries; they are particularly 

useful for describing the macroeconomic environment in which decile gaps arise (the overall 

"size of the economic pie," government fiscal capacity, investment opportunities, etc.). 

 

 

1. LITERATURE OVERVIEW 

 

1.1 Historical Context: How the Logic of Inequality Has Changed 

 

In agrarian systems, wealth was based primarily on land and control over rent. Upper 

classes (the elite, large landowners, and ruling classes) enjoyed stable advantages secured by 

law, tradition, and power. Lower classes lived in conditions of low productivity and income, 

but were highly vulnerable to shocks (crop failures, wars, and disease) and faced almost 

complete lack of mobility (Carocci 2011). 

It is crucial to note that social mobility was limited: poverty and wealth were often 

reproduced through birth and status. 

The industrialization of society created the basis for the gap between deciles: in the 

early stages, the return on capital (enterprises, finance, infrastructure) began to grow faster 

than the return on labor. Historical examples (19th-century Great Britain, the United States 

during its early industrialization, the Russian Empire) illustrate a typical trajectory: rapid 

growth in production and national wealth can coincide with high social polarization, when 

income redistribution and labor protection are very weak, de-facto nonexistent, or extremely 

poorly provided (Lindert and Nafziger 2014). 
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After two world wars, many developed countries created mechanisms that partially 

narrowed the gap within society: progressive taxation, expanded education, social benefits, 

stronger trade unions, and accessible healthcare. This made it possible to form a broad middle 

class and reduce the scale of poverty among the overwhelming majority of the population 

(Palme 2006). 

Since the 1980s, trends that often lead to a widening gap between the "upper" and 

"lower" strata of the population have intensified: global capital mobility, the growing role of 

financial assets, the skills premium driven by technological advances, and rising housing and 

asset prices. At the same time, globalization has stimulated growth in parts of the developing 

world where poverty was endemic and there was no possibility of changing the situation 

without external changes, creating a dual picture: partial convergence between countries can 

coexist with increasing inequality within countries (Dollar 2005). 

Our research uses the "Global North," "Global South," and BRICS+ blocs, a 

classification increasingly referenced not only in policy discussions but also in academic 

ones. This classification is useful because it links economies to historical development paths, 

colonial legacies, institutional models and state capacity, each bloc's position in global value 

chains, investment potential and demographic dynamics, and the potential for convergence -

catch-up development (Seniuk 2019). 

An important note: the boundaries of these blocs are not always clear-cut (for 

example, high-income economies based on the financial sector or resources may be 

considered as the “South” in a political-geographical sense). Therefore, it is more accurate to 

view them as analytical frameworks rather than as rigid natural categories. 

In the Global South, the range of indicators is extremely wide, encompassing both 

very low-income countries and high-income countries (often driven by resource extraction or 

finance). This has a crucial impact on deciles: the same deciles do not imply the same 

conditions for the bottom decile. In some countries, poverty is linked to survival and access to 

basic needs, while in others, it is linked to housing affordability, job quality, and overall 

inequality in asset distribution (Ahmad 2025). 

 

1.2. Historical Perspective by Bloc and Current Issues: Growth, Investment, 

Convergence 

 

Historically, many economies in the wealthy countries of the Global North 

industrialized earlier and developed strong institutions and human capital. This ensures high 

per capita GDP and a greater ability of the state to support low-income groups through public 

subsidies. However, in recent decades, many countries in the North have faced the growing 

role of capital income (stocks, housing) and asset concentration in the top decile, 

technological polarization of labor markets (skill premiums), a housing affordability crisis in 

large cities, political sensitivity to migration, and "inequality of opportunity." (Piketty and 

Zucman, 2014). 

The logic of deciles in the Global North: the bottom decile may have relatively good 

access to basic services by world standards, but soaring housing costs, job insecurity, and 

weak real income growth can exacerbate feelings of alienation from the top decile. 

BRICS+ is of significant analytical importance because it brings together large 

populations and markets (India, China), resource and energy production centres (Russia, 

Saudi Arabia, Iran), and regional leaders (Brazil, South Africa, Egypt, Ethiopia, UAE). Its 

potential for convergence depends on infrastructure investment, productivity growth, 

industrialization, reindustrialization, human capital and technology development, and 

integration into international trade and logistics. However, catch-up growth is constrained by 

institutional risks, sanctions and geopolitics (for some members), commodity dependence and 
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rent traps, uneven modernization across regions, large gaps between formal and informal 

labor markets (especially in large developing member countries), and unequal access to 

education and healthcare (Ncwadi 2025).  

The logic of deciles in BRICS+: even with rising GDP per capita, the bottom decile 

may grow slowly if growth is concentrated in capital-intensive sectors, megacities, or among 

groups with privileged access to education and assets. 

 

1.3. Global South: diversity of trajectories and “bottlenecks” for convergence 

 

Countries in the Global South represent very different models: from fast-growing 

export economies to countries struggling with conflict, demographic pressure, weak fiscal 

bases, and low productivity. 

Factors that facilitate growth include investment in basic infrastructure (energy, 

transport, communications), improved education and healthcare, strengthened institutions, 

integration into global value chains, urban development, and labor market development 

(Ndubuisi and Owusu 2023). 

Factors that limit progress include low agricultural productivity, large informal sector 

employment, weak institutions and limited opportunities for wealth redistribution, external 

shocks (commodity prices, climate, debt burden), brain drain, and capital shortages. 

 

 

2. DATA AND METHODS 

 

The primary objective of this paper is to examine the evolution of income disparities 

across countries from 2001 to 2024. Acknowledging the transition of various countries, three 

principal groups were outlined in line with the IMF's classification. The Global North (GN) 

comprises advanced economies; the BRICS+ are considered emerging economies; and the 

Global South comprises both emerging and developing economies.  For comparison, the real 

GDP per capita in PPP was used over the 2001-2024 period. As a data sample, the World 

Bank public database was used. Data processing and statistical inference were performed in 

Stata.  

As the primary research method, linear panel regression with dummy variables was 

employed. Formally, we may write: 

 

𝑙𝑛𝑌𝑖𝑗 = 𝛼 + 𝛽𝑖𝑗1𝐺𝑁 + 𝛽𝑖𝑗2𝐺𝑆 + 𝑦𝑒𝑎𝑟𝑖𝑗 + 𝑢𝑖𝑗             (1.0) 

 

Where  𝑌 is dependent variable (e.g. GDP per capita in logarithm), GN- dummy 

variable (Global North), GS - dummy variable (Global South), where the BRICS+ is 

considered as a reference category, year and 𝑢 – represents the error term over 𝑖- country and 

𝑗-period. We consider that model should fill attributes of the classical regression model. The 

model would reveal the group-level income differences over the researched period. As a main 

estimation method panel model with random effects using robust estimators are preferred. 

Additionally diagnostics of the model is provided in the annexe part. 
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3. RESULTS 

 

For the research purposes we present the basic statistical diagnostic of data. The histogram 

shows the probability distribution of  data sample, the logarithm of GDP per capita in PPP in 

2024. 
Fig.1: Probability distribution of Ln GDP per capita in 2024 

 
Source: author’s processing based on World Bank 2026 

 

The Fig.1 the probability distribution of data sample. We may consider departure from 

the normal distribution. It may be observed multimodal, slightly left-skewed distribution of 

GDP per capita in PPP across the countries in 2024 respectively.  

Next, the main results showing the group-level income differences are presented. 

Table 1, shows income level comparisons between the country groups (GN, GS) using the 

BRICS+ as the reference group. 

 
Table 1: Regression results 

GDP_cap  Coef.  St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

Country_group : 

ba~+ 

0 . . . . .  

GN 1.207 .314 3.84 0 .591 1.822 *** 

GS -.471 .321 -1.46 .143 -1.1 .159  

2002 .02 .004 5.07 0 .012 .027 *** 
2008 .218 .015 14.22 0 .188 .248 *** 

2014 .3 .021 14.27 0 .259 .341 *** 

2020 .326 .026 12.66 0 .275 .376 *** 

2024 .45 .03 15.12 0 .392 .509 *** 

Constant 9.336 .313 29.83 0 8.723 9.949 *** 

 

Mean dependent var 9.488 SD dependent var  1.182 

Overall r-squared  0.345 Number of obs   4717 

Chi-square   1521.045 Prob > chi2  0.000 

R-squared within 0.431 R-squared between 0.336 

*** p<.01, ** p<.05, * p<.1 
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Adjusted predictions                                     Number of obs = 4,717 

Model VCE: Robust 

Expression: Linear prediction, predict() 

   Delta-method 

   Margin  std.  err.  z  P>z  [95% CI] 

cnr_gr  

BRICS+       9.591     0.308    31.100     0.000     8.987    10.196 

GN      10.797     0.054   198.190     0.000    10.691    10.904 

GS       9.123     0.087   104.510     0.000     8.952     9.294 
 

Source: author’s research 

 

The constant represents the mean income of the BRICS+ countries, whereas the 

coefficients represent the income difference relative to BRICS+. Interestingly, in case of GN 

countries have GDP per capita in PPPs higher by 1.206 units relative to BRICS+, meaning 

𝑒1.206 ≈ 3.34, so GN countries are roughly 3.3 times richer than BRICS+ in average. The 

result is statistically significant. In case of GS countries,  they have GDP per capital in PPPs 

lower by 0.468 log points than BRICS+, meaning  𝑒−0.468 ≈ 0.63, hence GS countries are 

37% poorer than BRICS+ on average, however the result is not statistically significant. The 

unit panel root was not detected. Additionally, several years as regressors were introduced 

confirming statistically significant difference of the GDP per capita in average over the 

selected time periods. 

In the annexe 1, results of the Breusch-Pagan LM test is presented. The Breusch-

Pagan LM has confirmed that the random effects model should be preferred over the pooled 

OLS, thereby providing better statistical inferences.  

The table below shows the mean-level differences the country groups. The income-

groups differences are all statistically significant. We may observe the differences through the 

marginplots. 

 
Fig.2: The marginplot of income-group differences 

 
Source: author’s research 

 

The Fig.2 shows the marginplot of income-group differences. We may observe a 

meaningful differences between the country groups. On average the highest income represent 

the Global North countries (10,79) , in second come BRICS+ (9,591) group and finally the 

group of the Global South countries (9,23) measured as real GDP per capita in PPPs 

expressed in logarithms in 2024.  
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Fig.3: Global distribution of income and growth 

 
Source: author’s research 

 

The Fig. 3 shows the global distribution of income and economic growth averaged 

over 2001-2024 over world countries. The choropleth map combines the income measures as 

real GDP per capita in PPS (in 2024) with average economic growth over the 2001-2024. The 

overall picture shows relatively mixed patterns. The GN countries mostly records high-low 

pattern, meaning high levels of income but low levels of growth, BRICS+ countries often 

represent the mixed pattern consisting of mediocre income and moderate-high economic 

growth. GS countries mostly record low-medium to low-high pattern, meaning low income 

but medium to high growth. 
 

 

4. DISCUSSION  
 

Gaps between deciles are formed against the background of the level of GDP per 

capita, the state's ability to redistribute wealth and resources, the structure of employment and 

productivity of the population, as well as access to education and capital. 

Our dataset shows that differences between the blocs persist, but partial convergence 

is observed: the median indicator for countries in the Global South has increased from 

approximately 15% of the median indicator for countries in the North (2000) to 23% (2024). 

This is an important empirical finding for discussions about catch-up development in these 

countries. 

Even when a country or bloc's economy is developing, the gap between deciles may 

narrow (if growth is inclusive and institutions are strong), remain stable, or widen (if growth 

is capital-led, concentrated in megacities, or driven by high-skill sectors). From a policy 

perspective, this means that cross-country convergence in GDP per capita does not guarantee 

convergence in social structure. For BRICS+ countries and some countries in the Global 
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South, it's not just the "higher volume of investment" that matters, but also the type of 

investment: investment in infrastructure and human capital increases the likelihood that the 

bottom decile will gain access to productive jobs. Investments concentrated in rent-seeking or 

capital-intensive sectors with weak links to the labor market often only exacerbate the gap 

between deciles and have no impact on the well-being of the majority (Ofori et al. 2024). 

On average, countries in the Global North have stronger institutional instruments to 

support the poorest groups (tax deductions, subsidies, and a wide range of public services). 

However, the gap can widen due to the concentration of assets in the hands of corporations or 

wealthy individuals, as well as rising housing costs. In countries in the Global South and 

some BRICS+ countries, institutions often become a major bottleneck. With weak state 

capacity and a narrow tax base, even high economic growth may not lead to sustainable 

improvements in the situation of the bottom decile. 
 

 

CONCLUSION  
 

The relationship between the richest and poorest deciles cannot be fully understood 

and assessed without a country- and block-level approach, especially when empirical analysis 

is structured around groups of countries. Historically, inequality changes its forms over time, 

but essentially persists as a result of the interaction of technology, capital, institutions, and 

labor market structure. 

The main objective of the paper was evaluation of income disparities between the 

global economies over 2001-2024 period. For simplification the country economies were 

aggregated into the three country blocks for providing the exact measuring. For the study 

purposes the cross-sectional data over countries and time series data over 2001-2024 were 

pooled to the panel using real GDP per capita in PPPs as a dependent variable and country 

groups dummy variables as control variables. The results point at statistically significant 

income differences between the GN vs. GS and BRICS+, but there was not statistically 

significant difference between the BRICS+ vs. GS.  

Finally, the comparison between the economic growth and income across the countries 

shows the mixed pattern, pointing on slow growth of GN countries, whereas BRICS+ and GS 

countries logged mostly moderate strong to strong economic growth in average. Hence, the 

catch-up effect between the BRICS+, GS countries and GN countries could no be ruled out 

over time, however it depends on the wealth and income distribution over the population in 

these countries. 

However, these signs of convergence do not automatically imply a narrowing of the 

gap between the top and bottom deciles within countries. In many cases, economic growth 

enhances the role of capital income and skill-enhancing technological change, potentially 

widening the gap between income extremes across deciles. Therefore, the key question is not 

just "how fast are we growing economically" but also what is the structure of growth, which 

investments dominate, and how strong are the domestic institutions that translate growth into 

access to opportunity. 

For countries in the Global North, the central challenge is maintaining social cohesion 

in the face of rising asset prices and labor market polarization. For BRICS+ and Global South 

countries, the primary challenge is accelerating productivity growth while creating 

institutional conditions under which investment and modernization generate broad 

employment effects, improve education and health outcomes, and support social mobility. In 

this sense, the analysis of gaps between deciles naturally leads to the broader issue of how 

different trajectories of development of the bloc structure are and how the benefits of growth 

are distributed between society and the elites. 
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ANNEX 1: 
 

  
Breusch and Pagan Lagrangian multiplier test for random effects 

 

        GDP_cap[ID_count,t] = Xb + u[ID_count] + e[ID_count,t] 

 

        Estimated results: 

                         |       Var     SD = sqrt(Var) 

                ---------+----------------------------- 

                 GDP_cap |   1.396254       1.181632 

                       e |   .0223217       .1494043 

                       u |   .8829713       .9396655 

 

        Test: Var(u) = 0 

                             chibar2(01) = 50312.51 

                          Prob > chibar2 =   0.0000 
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CLIMATE-RELATED PHYSICAL RISKS AND BANKING SECTOR 
RESILIENCE: A MACROPRUDENTIAL PERSPECTIVE 

 
КЛИМАТСКИ ФИЗИЧКИ РИЗИЦИ И ОТПОРНОСТ БАНКАРСКОГ 

СЕКТОРА: МАКРОПРУДЕНЦИЈАЛНА ПЕРСПЕКТИВА 
 

 
Summary: This study analyses the impact of climate-
related physical risks, with a particular focus on floods, 
on the financial and macroeconomic stability of 
Montenegro. Using regression models and stress-test 

scenarios, the paper examines the relationship between 
climate shocks and key indicators such as the share of 
non-performing loans (NPLs), GDP growth, and 
banks’ capital adequacy ratio (CAR). The findings 
indicate that extreme climate events significantly 
increase credit risk, which is reflected in higher NPLs, 
lower CAR, and adverse effects on economic growth. 
The simulations suggest that a severe climate shock 

could double the level of NPLs and substantially 
undermine banking-sector stability, with potentially 
broader implications for the fiscal sector and insurance 
companies. The results confirm that climate risks 
should be integrated into macroprudential policies, 
supervisory frameworks, and risk-management 
strategies, particularly in small and open economies. 
Keywords: climate risks, financial stability, non-
performing loans (NPLs), capital adequacy ratio 

(CAR), Montenegro. 
JEL Classification: G21, C53, Q54. 

Резиме: Ово истраживање анализира утицај  физичких 
климатских ризика, са посебним фокусом на поплаве, на 
финансијску и макроекономску стабилност Црне Горе. 
Коришћењем регресионих модела и стрес тест сценарија, 

испитује се повезаност измеђуклиматских шокова и 
кључних индикатора као што су удио ненаплативих 
кредита (НПЛ), стопа раста БДП-а и капитална 
адекватност банака (ЦАР). Резултати указују да 
екстремни климатски догађаји значајно повећавају 
кредитни ризик, што се манифестује растом НПЛ-а, 
падом ЦАР-а и негативним ефектима на економски раст. 
Симулације показују да би озбиљан климатски шок могао 

удвостручити НПЛ и значајно нарушити стабилност 
банкарског сектора, уз могуће шире импликације на 
фискални сектор и осигуравајућа друштва. Налази 
потврђују да климатски ризици морају бити интегрисани 
у макропруденцијалне политике, супервизорске оквире и 
стратегије управљања ризицима, посебно у малим и 
отвореним економијама. 
Кључне ријечи: климатски ризици, финансијска 
стабилност, ненаплативи кредити (НПЛ), капитална 

адекватност (ЦАР), Црна Гора 
ЈЕЛ касификација: G21, C53, Q54. 

 

 

 

 

INTRODUCTION 

 

As Carney (2015) points out, even the destructive effects of climate change already 

being observed today may appear modest when compared with potential future shocks, which 

may have global consequences for food security, access to water, migration, and political 

stability. 

Paper presented at the 15th International Scientific Conference  ‘’Jahorina Business Forum 2026:  
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For precisely this reason, an increasing number of central banks around the world 

recognise the need to develop tools that enable a more accurate assessment of climate risks 

and their potential impact on financial stability. One of the key instruments in this regard is 

climate-risk stress testing, which essentially represents a scenario-based analysis of extreme 

climate events or abrupt policy changes designed to simulate their effects on the banking, 

financial, and broader economic sectors of a country. 

Advanced economies, including euro-area countries, the United States, and the United 

Kingdom, have already begun implementing such instruments, whereas most developing 

countries, including Montenegro, have not yet established adequate methodological 

frameworks. 

 

 

1. LITERATURE REVIEW 

 

Recent research has paid particular attention to the impact of climate risks on banks’ 

asset quality, especially through the non-performing loans (NPL) indicator. Evidence from 

European Union countries suggests that greater exposure to physical climate risks leads to a 

statistically significant increase in the share of NPLs in total credit portfolios (Delis et al. 

2024). Similar results are reported in a study by the Central Bank of Mexico, which shows 

that chronic physical risks may cause losses exceeding 35% of GDP by the end of the century, 

with the financial sector being particularly affected through the deterioration of borrowers’ 

repayment capacity (Estrada et al. 2024). 

The adverse impact of rising NPLs on macroeconomic indicators, particularly GDP 

growth, has been confirmed in several studies. According to Klein (2013), a higher share of 

non-performing loans negatively affects economic growth because banks reduce lending 

activity, which in turn lowers investment and consumption. The same effect was observed by 

Louzis, Vouldis, and Metaxas (2011), who used a dynamic panel model to analyse peripheral 

euro-area economies. Messai and Jouini (2013) further emphasise that GDP growth is 

negatively associated with NPLs, while unemployment and real interest rates are positively 

associated with the growth of non-performing loans. 

At the same time, an increase in the level of NPLs directly affects banks’ capital 

adequacy, which may threaten financial stability. A World Bank study (2024) found that a 

chronic physical shock, such as drought, may reduce the CAR by an average of about 2.2 

percentage points over a five-year simulation horizon, while extreme floods reduce CAR by 

approximately 0.14 percentage points per year on average. 

 

 

2. THEORETICAL AND CONCEPTUAL FRAMEWORK 

 

In the economic literature, climate risks are typically divided into three broad 

categories: physical risks, transition risks, and, increasingly, liability risks (Campiglio et al. 

2018; Zhou et al. 2023). Physical risks arise from more frequent and more intense extreme 

weather events, such as floods, droughts, hurricanes, and fires. These events directly affect the 

real economy, reduce the value of assets, and threaten loan repayment. Transition risks, by 

contrast, arise from the process of economic adjustment and the shift towards a green 

economy. They include policy, regulatory, and technological changes that may disrupt the 

stability of existing business models. The third dimension of climate risk, liability risk, refers 

to the legal and financial consequences that may arise if institutions, firms, or states are held 

responsible for environmental damage (Zhou et al. 2023). 
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The financial system has proven particularly vulnerable to climate risks because these 

risks threaten not only individual institutions but also the systemic coherence of the entire 

sector. Insurance companies, as financial intermediaries, are directly exposed to physical risks 

and have already recorded significant losses resulting from increasingly severe natural 

disasters. This study therefore starts from physical risks and examines how such an event may 

be transmitted through different financial and economic institutions and affect the welfare of a 

country. 

To achieve this, it is necessary to develop a reliable methodological framework for 

climate-risk stress testing, tailored to the specific characteristics of the national financial 

system and institutional architecture. 

 

 

3. RESEARCH METHODOLOGY 

 

This paper applies a quantitative approach that combines regression analysis and 

scenario simulation, focusing on a physical risk, specifically the 2010 flood, which was 

recorded as the most destructive climate-related event in the recent history of Montenegro and 

whose consequences may significantly affect the financial system through various channels. 

A quasi top-down model was selected to analyse the relationship between a climate shock and 

credit risk through non-performing loans (NPLs), while controlling for macroeconomic 

variables such as inflation and unemployment. 

 

3.1 Defining the Climate Stress-Test Model 

 

This study applies a simplified quantitative climate stress-test model in order to assess 

the effect of a physical climate risk, specifically a flood, on the financial stability of 

Montenegro. The model is inspired by approaches used by the European Central Bank (ECB) 

and the Network for Greening the Financial System (NGFS), but it is adapted to the available 

macroeconomic data and the specific characteristics of the domestic financial system. 

The share of non-performing loans (NPLs) was selected as the main indicator of 

financial-system sensitivity, as it measures credit risk and banking-sector resilience. The 

regression model is specified so that NPLs depend on a climate shock (a flood dummy 

variable), the inflation rate (to account for price-stability effects), and the unemployment rate 

(as an indicator of financial pressure on households and their capacity to repay debt). This 

model enables the isolation of the effect of the climate event, i.e. the 2010 floods that affected 

Montenegro, while controlling for macroeconomic factors that traditionally influence the 

growth of credit risk. 

After analysing the available data and relevant sources, including the EM-DAT 

database and national statistics, 2010 was identified as the year in which Montenegro 

experienced the most severe flood in the last two decades. This event caused widespread 

consequences, including damage to housing, agriculture, and infrastructure, as well as 

measurable fiscal costs and effects on households’ creditworthiness. For this reason, the 

dummy variable (flood_dummy) takes the value of 1 only for 2010, while it is set to 0 for all 

other years. 

The data were collected from the websites of the Statistical Office of Montenegro 

(MONSTAT) and the World Bank for all available years, covering the period from 2007 to 

2023. The regression model is presented in Table 1. The model was estimated using robust 

standard errors due to the small sample size and potential heteroskedasticity (Imbens and 

Kolesár 2016). 
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Table 1. Regression of NPL on the dummy variable, inflation, and unemployment 

Linear regression  
Number of 

observations 
 = 17 

  F (2, 13)  = . 

  Prob. > F  = . 

  R2  = 0.4944 

  Root MSE  = 4.594 

Variable Coefficient 
Robust std. 

error 
t P>|t| 

95% confidence 

interval 
flood_dummy 6.6466 2.6239 2.53 0.025 0.9778 to 12.315 

inflation -0.0875 0.2733 -0.32 0.754 -0.6779 to 0.5028 

unemployment 1.5659 0.6981 2.24 0.043 0.0577 to 3.0741 

constant -16.2989 11.9812 -1.36 0.197 -42.1828 to 9.5849 

Source: Created by the author 

 

The model shows that the 2010 flood had a statistically significant effect on the 

increase in the share of non-performing loans, amounting to 6.65 percentage points. This 

finding indicates a high degree of banking-sector sensitivity to physical climate risks and 

provides the basis for further stress testing. Inflation did not prove to be a statistically relevant 

variable, whereas unemployment has a positive and significant effect on NPLs, which is 

consistent with expectations: an increase in unemployment reduces borrowers’ repayment 

capacity. The model’s coefficient of determination is 0.49, indicating that the model explains 

approximately 49% of the total variability in the share of non-performing loans. Although this 

does not represent a high degree of explanatory power, the value is satisfactory for 

econometric analyses based on a limited number of observations and macroeconomic data 

that are often subject to numerous external influences not included in the model. 

Based on the estimated flood effect on NPLs, a stress scenario was constructed in 

which a similar event is simulated for 2025. Under this scenario, the share of NPLs is 

assumed to increase by 6.65 percentage points relative to the 2023 value of 5.8%, producing a 

projected level of 12.45% for 2025. This implies a doubling of exposure to credit risk, with 

likely implications for banks’ capital adequacy, liquidity, and macro-financial stability. 

 

Figure 1. Flood stress test in 2025 for the NPL series 

 
Source: Created by the author 
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The following section assesses the estimated effect of this shock on the GDP growth 

rate and on capital adequacy (CAR) in Montenegro for the same year. 

The analysis was additionally strengthened by conducting a bootstrap regression and 

by estimating a lagged NPL regression model. Including the lagged level of NPLs makes it 

possible to control for the effect of past values on the current level of credit risk, thereby 

reducing the omitted-variable problem and producing a more precise estimate of the actual 

impact of floods on the quality of banks’ loan portfolios. The extended dynamic model that 

includes lagged NPLs confirms the persistence of credit risk and the stability of the flood 

effect (Appendix 1). 

To test the robustness of the baseline model, a bootstrap regression with 1,000 

replications was conducted; it did not change the significance of the main coefficients. 

One of the key steps in the analysis was to use a quantitative model to examine how a 

climate shock, specifically a major flood, may affect the financial and macroeconomic 

stability of Montenegro. For this purpose, a regression model was formulated in which the 

GDP growth rate is the dependent variable, while the share of non-performing loans (NPLs), 

inflation, and unemployment are used as independent variables. To avoid overburdening the 

main text, the model is presented in Appendix 2. 

This approach is consistent with the recommendations of several central banks and 

research institutions that use similar methods to better understand the potential 

macroeconomic effects of climate shocks (NGFS 2020; ECB 2021). 

Specifically, the assumed physical climate shock, an extreme flood in 2025, was 

simulated through an increase in the share of non-performing loans from 5.8% to 12.45%, 

representing a shock of 6.65 percentage points. Based on the previously estimated relationship 

between NPLs and GDP growth, it was calculated that such an increase in NPLs could reduce 

the GDP growth rate in 2025 by approximately 0.54 percentage points. 

 

Figure 2. Stress test of the NPL increase in 2025 for the GDP growth-rate series 

 
Source: Created by the author 

 

Figure 2 shows the difference between the projected GDP path without the shock (blue 

line) and the simulated growth rate in the case of a climate shock affecting the financial sector 

(red line). The deviation in 2025 visually confirms the simulation results and points to the 

serious consequences that may arise from physical climate shocks. It should be noted, 
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however, that the analysis is based on the 2010 scenario, whereas future climate-related 

disasters may be considerably more severe. 

In the final step of the analysis, attention was directed to banking-system stability, 

specifically to how a climate shock may affect banks’ capital adequacy ratio (CAR), one of 

the key indicators of banking-sector resilience. For this purpose, a linear regression model 

was used in which CAR is specified as the dependent variable, while the share of non-

performing loans (NPLs), the GDP growth rate, and return on assets (ROA), which reflects 

bank profitability, are included as independent variables (Appendix 3). The data were 

collected from the World Bank website and cover the period from 2007 to 2023, except for 

ROA, for which the latest available data refer to 2021. 

The model results indicate a statistically significant negative relationship between 

NPLs and CAR: an increase in the share of non-performing loans by one percentage point 

leads to an approximately 0.14 percentage-point decrease in capital adequacy (p = 0.035). 

Although the remaining variables in the model did not show statistical significance, they were 

retained for control purposes and to provide a more comprehensive view of the structure of 

effects. 

The decline in CAR results from increased provisioning and the growth of risk-

weighted assets, which is consistent with standard regulatory mechanisms. 

Based on this model, a climate-shock scenario simulation was conducted in which an 

extreme flood in 2025 is assumed to cause a sharp increase in NPLs. Applying the estimated 

model, the path of CAR was simulated under these conditions, making it possible to assess the 

potential effects of climate risk on bank capital. 

 

Figure 3. Stress test of the NPL increase in 2025 for capital adequacy 

 
Source: Created by the author 

 

Figure 3 presents the simulated CAR path under the climate-shock scenario (red line), 

showing a clear decline in 2025 relative to the previous trend. This visually confirms the 

model results and highlights the importance of integrating climate risks into financial-stability 

assessments, as the spillover effect of climate shocks, in this case physical shocks, on the 

macro-financial profile of an economy is evident. 

Although these are basic models for climate-shock stress testing, the results indicate 

potentially significant and systemic implications of climate events for banks’ capital 
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positions. For this reason, such simulations serve as a starting point for further development 

of climate stress testing and as support for policymakers in defining macroprudential 

measures and managing climate risks in line with the growing requirements of international 

regulators such as the NGFS (2020) and the BIS (2021). 

The climate stress-test model implemented in this study is not limited to direct 

physical risk, but also models its systemic effects throughout the financial chain: from bank 

balance sheets, through the real economy, to sectoral capital stability. The methodology 

applied allows for a relatively simple, yet analytically convincing, simulation of climate risk 

tailored to the Montenegrin context and provides a basis for the further development of more 

advanced stress-testing exercises within the Central Bank or other regulatory authorities. 

 

3.2 Diagnostic Tests 

 

The diagnostic tests relevant to this analysis include tests of stationarity, 

heteroskedasticity, autocorrelation, and multicollinearity. The Augmented Dickey-Fuller 

(ADF) test was used to examine stationarity, and the results are presented in the table below at 

the 5% level of statistical significance. 

 

Table 2. Summary of stationarity in the series used 

Variable Level (ADF) First difference (ADF) Conclusion 

NPL Non-stationary Stationary I(1) 

Inflation Non-stationary Stationary I(1) 

Unemployment Non-stationary Stationary I(1) 

CAR Non-stationary Stationary I(1) 

GDP growth rate Stationary — I(0) 

Source: Created by the author 

 

To examine the existence of a long-run relationship between the observed variables, 

residual-based tests were conducted. The results indicate the presence of cointegration, which 

justifies estimating the model in levels. None of the diagnostic tests indicated serious 

econometric problems, while robust standard errors were used to increase the reliability of the 

estimates. 

 

3.3 Discussion of Results 

 

In the first part of the analysis, the finding that the 2010 flood had a statistically 

significant effect on the growth of NPLs (6.65 percentage points) represents key evidence of 

banking-sector vulnerability to extreme climate events. This result is consistent with the 

literature showing that physical climate risks affect borrowers’ repayment capacity through 

the loss of assets, income, or productive capacity (NGFS 2020; ECB 2021). In addition to 

confirming the relevance of climate events as a factor of financial stability, this result 

strengthens the argument for incorporating physical climate risks into credit-rating models 

and supervisory practices. 

Furthermore, the finding that unemployment has a positive and statistically significant 

effect on NPLs, amounting to 1.57 percentage points for each one-percentage-point increase, 

confirms the traditional view of the macroeconomic determinants of credit risk. This is 

expected, since unemployment reduces household disposable income and increases the 

probability of delayed loan repayment. Inflation, by contrast, did not prove to be a significant 

predictor in this context, which may indicate a relatively limited or indirect channel through 

which it affects banks’ asset quality in Montenegro. 
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